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INTRODUCTION 
Traditionally taxonomists studying Angiosperms have been concerned 
with the floral and vegetative characteristics of plants, usually disregard­
ing the seeds. One reason for this is the paucity of material in herbaria. 
When the plants are in bloom, the seeds are not yet mature and by the time 
the seeds are mature, most of the diagnostic floral features are gone. Tax­
onomists usually collect plant material in bloom and do not bother to make 
a second collection just to get seeds; yet seeds have been found to possess 
many valuable taxonomic characters not only at the level of genera and 
species but have shown to be diagnostic for families (Martin 1946, Isely 
1947, HeClure 1957). 
The classification of the Leguminosae employed today is essentially 
that of Bentham and Hooker (1865). Little has been done to validate or 
reexamine its basic assumptions. Systematic studies have largely been of 
genera and groups of species, arid the family as a whole and its major sub­
groups have received very little consideration. 
It is scarcsly possible for a single worker to examine all sources of 
data for the entire family. But it is possible to survey the variations of 
one feature or group of features throughout the family. Senn (1958) con­
ducted such a study on the basis of chromosome numbers, and new light was 
shed upon the interrelationships of some of the major taxa of the Legum-
inosae as a consequence of his investigations. 
The present study is concerned with the gross morphology of the seeds 
of Leguminosae. It was undertaken to ascertain the contributions which 
seed characters might make to a better understanding of the Leguminosae, 
its subfamilies, tribes and genera. 
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REVIEW OF LITERATURE PART Is THE LEGUMINOUS SEED 
The Ovule 
Classical interpretations of ovules of the phanerograms 
The classical nomenclature of ovules usually recognizes three main 
type s : l) the orthotropous ovule which is characterized by the absence 
of curvature, the axis of the nucellus being in a straight line with the 
axis of the funiculus; 2) the anatropous ovale in which the funiculus is 
turned 180° so that the axis of the funiculus and that of the nucellus 
become parallel to each other; o) the ca^ ipylotropous ovule in which the 
axis of the nucellus is bent thus making the ovule more or less reniform. 
The structure of the campylotropous ovule varies in different systematic 
groups. 
In addition to these well known ovule types some authors also recog­
nize two other categories: 4) the hemitropous ovule in 'which the curvature 
is less than 180° and the axis of the nucellus makes an acute angle with 
that of the funiculus ; 5) the amphitropous ovule similar to and possibly 
derived from the campylotropous ovule. 
The relationship of various ovule types has not been clearly under­
stood. According to Mirbel (1829, pp. 45-47) the amphitropous ovules are 
those which during their growth pass through an anatropous stage, as in 
Pisum, and, therefore, belong to two types successively, first anatropous 
(the curvature of the funiculus), then campylotropous (curvature of the 
axis of the nucellus). Mirbel, therefore, considers Pisum as being the 
result of a combination of two types and thus an amphitropous ovule. 
Mirbel's amphitropous ovule corresponds ^to ana-amphitropous and hemi-
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amphitropous ovules (Figures 1 and 2) of Bocquet and Bersier (i960). 
According to Goebel (1933) the campylotropous curvature affects the 
micropylar region which recurves towards the funiculus, which in turn bends 
in a way that the body of the ovule becomes more or less perpendicular to 
the funiculus. The amphitropous curvature on the other hand is a special 
curvature and affects the median portion of the nucellus. A "proliferation" 
of the integuments or of the funicular tissue ("basal body" of Bocquet, 
solid black in Figures 1 and 2) extends into the nucellus which arches like 
a hog-back. These curvatures "à deux pentes" is characteristic of amphi­
tropy of C-oebel's classification. Goebel also points out the progressive 
formation of the different curvatures and notes that amphitropy and campylo-
tropy occur only during the maturation of the seed. In the Geraniaceae, 
for example, the ovule is anatropous at anthesis but becomes campylotropous 
during maturation. 
Pitot (1936) considers the campylotropous form of the ovule as the 
initial f.orm which is conserved in the Lotoideae, but in the Mimosoideae-
Caesalpinioideae the ovule looses its campylotropous form and becomes 
anatropous. 
Ovule classification of Bocquet and Bersier Bocquet and Bersier 
(i960) propose two hypotheses : l) there are only two fundamental types of 
ovules, the orthotropous and the anatropous; a hemitropous series is derived 
from the anatropous one and develops parallel to it; 2) campylotropy and 
amphitropy are formed from the basic orthotropous, anatropous or hemi­
tropous forms. These two authors have never observed amphitropy vdthout a 
previous campylotropy. 
The system of Bocquet and Bersier is presented in Figure 1. According 
Figure 1. Classification of ovules 
Above. The two fundamental forms, 
orthotropous and anatropous, and the three 
series -which are derived from them: 
orthotropous, anatropous and hemitropous. 
Below. The same ovules, each repre­
sented by the axis of its funiculus (solid 
lines) and nucellus (Broken line); the 
bypocotyl is represented by a transversal 
dash at the junction of the solid and 
broken lines. 
The arrows show", the relationships 
between the different types. Numbers 1, 
2, and 3 designate the anatropic, campy'-lot-
ropic and amphitropio curvatures respectively. 
Reproduced from Bocquet and Bersier (i960, 
p. 478). 
Figure 2. Morphogenesis of the three ovules 
of the anatropous series 
Above. The ovules with the vascularization 
of the funiculus shovm in solid lines. 
Below. The same ovules, each reduced to the 
axis of its funiculus and nucellus. 
The age of the ovule is given by: BQ, very 
young stage in which the ovule is a round un­
differentiated mass; .B, , young bud in which 
the sepals are longer than the petals; BG, 
stage in which the petals are longer than the 
sepals; Bg, just before anthesis; A, anthesis; 
M, maturation^  Numbers 1, 2, and 3 designate 
the anatropic, campylotropic and amphitropio 
curvatures respectively. 
Reproduced from Bocquet and Bersier (i960, 
n. 479). 
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to them: 
1. The basic types of ovules are: a) orthotropous (funiculus 
rectilinear), i.e., Polygonum; b) anatropous (funiculus curved 160-180°, 
below the hypocotyl), i.e.,. Ranunculus; c) Hemitropous (funiculus in­
completely curved), i.e., Caesalpinia. 
2. The campylotropous derivatives, having a renifora appearance, in 
which the top of the nucellus is curved are: a) ortho-campylotropous 
(funiculus straight, micropylar region curved), i.e., Caryophyllaceae; b) 
ana-campylotropous (funiculus completely curved, micropylar region curved), 
i.e., Cercis; c) hemi-campylotropous (funiculus partially curved, micro­
pylar region curved), i.e., Phaseolus. 
3. The amphitropous derivatives, 'which generally have a spherical 
or pyramidal appearance and in which a hog-back deformation of the nucellus 
(with basal body), is added to campylotropy. The ovules are : a) ortho-
amphitropous (funiculus straight, micropylar region curved, nucellus. as a 
hog-back), i.e., Atriplex; b) ana-amphitropous (funiculus completely curved, 
micropylar region curved, nucellus as a hog-back), i.e., Astragulus; c) 
hemi-amphitropous (funiculus incompletely curved, micropyle curved, nucellus 
as a hog-back), i.e., Pisum. 
Nine terms, therefore, are used which are divided into two principal 
groups, the orthotropous and anatropous-hemitropous. Evolution, so these 
authors believe, goes from one of the basic forms to campylotropy and then 
to amphitropy. 
Bocquet and Bersier give two kinds of verifications for their system: 
1. Systematic verification (mainly in Leguminosae and Rhoedales) 
"The anatropous ovules are present in groups which are considered more prim­
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itive by systematists i.e., Papaveraceae and Mimosoideae. The hemitropous 
and campylotropous ovules were found to be present in groups intermediate 
in evolutionary level i.e., Hypecoideae, Caesalpinioideae and the most prim­
itive tribes of the Lotoideae i.e., Sophoreae and Podalyreae. Lastly it is 
in the evolved systematic groups that the amphitropous ovules are present; 
the Vicieae, Trifoleae, and Genisteae of the Leguminosae; the Fumarioideae, 
Capparidaceae and Cruciferae of the Rhoedales. The hypothesis of two basic 
groups, orthotropous and anatropous-hemitropous seems reasonable because in 
the same family both orthotropous and anatropous ovules are never present." 
Bocquet and Bersier (1960, p. 482). 
2. Morphological verification Bocquet and Bersier studied seed 
ontogeny in the Leguminosae, Rhoedales and Kanunculaceae, from the round 
primordium to the mature seed. . They have presented a schematic represen­
tation of the morphogenesis of three ovules of the anatropous series 
(anatropous, ana-campylotropous and ana-amphitropous) (Figure 2). 
The anatropous ovule: the integuments appear on the primordium in an 
orthotropous, or more frequently, slightly asymmetrical position. The 
curvature of the funiculus accentuates progressively. It is usually termi­
nated before anthesis (at the Bg in Figure 2). 
The campylotropous ovule (more precisely ana-campylotropous): the 
ovules start by becoming anatropous by the curvature of the funiculus 
(Figure 2, Number l). It is changed from the Bg stage by the campylotropic 
curvature (lumber 2). The micropylar region turns ("infléchir") towards 
the funiculus : this asymetrical growth accompanies a reversing of the 
ovule by torsion (twisting) at the base of the ovule. At anthesis (A) the 
campylotropous ovule is reniform. 
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The amphitropous ovule (more precisely ana-amphitropous in Figure 2): 
The morphogenesis here is more complicated. A third curvature, amphitropy, 
intervenes and affects the median portion of the nucellus (Number 3). 
Anatropy (Figure 2, Number l) hardly terminates when it is taken over by 
campylotropy (Figure 2, Number 2) which in turn is rapidly masked by amphi­
tropy (Figure 2, Number 3). Amphitropy is rarely complete at anthesis. 
As further evidence for their thesis, Bocquet and Bersier cite an 
interesting experiment of Reed (1944) who cultivated plants of Pisum in a 
zinc deficient medium. The ovules of the peas are hemi-amphitropous but 
from this deficient medium Reed obtained seed which was small in size and 
generally anatropous. Bocquet and Bersier explain this result saying that 
only the first curvature, anatropy, has taken place and the later curvatures, 
campylotropy and amphitropy have been suppressed by the deficiency, thus 
the result is an anatropous ovule. Bocquet (1959) found a malformation in 
the ovule of Heliosperma quadidentatum which, instead of being ortho-
campy lotropous like the rest of the Caryophyllaceae, was orthotropous. 
This malformation supports Reed's experiment and shows that in the ortho­
tropous series campylotropy also is developed from the basic type. 
Bocquet and Bersier (i960) conclude that: 
1. Anatropy appears as a phenomenon clearly independent from the 
other curvatures, campylotropy and amphitropy. An abnormality in the growth 
suppresses campylotropy and amphitropy but does not affect anatropy or 
effects it only slightly. This is possible because anatropy occurs only in 
young stages. 
2. Anatropy and hemitropy effect only the too of the funiculus and 
not the integuments. 
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3. It is impossible to affirm that amphitropy and campylotropy are 
equally independent from each other, because the abnormalities of-growth 
of the ovule have always affected the two simultaneously. 
Correlation of Ovule and Seed Structure 
According to Pitot (1936) the ovules and seeds of the Leguminosae 
are divided into two groups: l) the anatropous ovules of the Mimosoideae-
Caesalpinioideae, having an oval or ovoid form (which is not variable), 
a straight embryo, and cotyledons and radicle in a straight line; 2) the 
campylotropous or semi-anatropous ovules of the Lotoideae in which the form 
is variable; the embryo is curved or bent. Exceptions occur in some species 
of Ormosia and in Arachis bypogaea which approach the anatropous form of 
the Mimosoideae-Caesalpinioideae* 
According to Bocquet and Bersier, the anatropous ovules are present in 
the Himosoideae; the hemitropous and campylotropous ovules in the Caesal-
pinioideae and the primitive tribes of the Lotoideae; and the amphitropous 
ovules in the advanced tribes of the Lotoideae. 
Bnbzyology 
The embryology of the Leguminosae has been extensively studied. Since 
these investigations are not directly related to the present work, the 
literature was not reviewed here. Soueges (1927, 1929, 1947c, 1948, 1951b) 
was the pioneer in legume embryology. An enumeration of the genera which 
have been studied is included here for reference: 
Acacia, Harisimhachar (1948), Dnyansagar (1958); Adenanthera. 
Dnyansagar (1958); Aeschynomene, Rau (1951c); Albizia, Maheshwari (1931); 
Anthyllis, Soueges (1951); Arachis, Smith (1956), Prakash (i960); Calliandra, 
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Dnyansagar (1958); Cassia, Pantalu (1945, 1951); Castanospermum, Rau (1953); 
Coronilla, Soueges (1947a); Crotalaria, Cook (1924); Cyamopsis, Rau (1953); 
Cytisus, Soueges (1947e); Desmanthus, Dnyansagar (1957); Desmodium, Rau 
(1953); Dichrostachys, Dnyansagar (1954b); Galega, Soueges (1949); Genista, 
Soueges (1947b); Glycyrrhiza, Veillet-Bartoszewska (1956); Indigofera, Rau 
(1953); Leucaaa, Dnyansagar (1949, 1954b); Lespedeza, Rau (1953); Medieago, 
Martin (1914), Soueges (1927b), Reeves (1930); Melilotus, Young (1905), 
Cooper (1933), Soueges (1946); Mimosa, Dnyansagar (1951a, 1954b); Heptunia, 
Dnyansagar (1952, 1954); Onobryohis, Soueges (1953a); Ornithopus, SouBges 
(1953b); Parkia, Dnyansagar (1954b, 1957); Phaseolus, Brown (1917), Soueges 
(1950), Sterling (1954, 1955); Pisum, Reeves (1948); Pithecolbbium, 
Dnyansagar (1951b); Prosopis, Dnyansagar (1954a, 1957); Rothia, Rau (1951a); 
Sesbania, Rau (1951a, 1953); Trifolium, Martin (1914), Soueges (1927b); 
Trigonella, Rau (1940); Ulex, Soueges (1947d); Vicia, Martin (1914); Vigna, 
Rau (1951b). 
Seed Coat 
The outer integument consists of 3-5 cell-rows on the sides of the 
ovule and the inner integument of 2-3. In most cases the inner integument 
cells elongate without thickening and usually are crushed by the developing 
embryo sac. The seed coat thus is derived from the outer integument. Pitot 
(1936). 
Cuticle 
The cuticle makes its appearance early in the development of the ovule. 
In the mature seed it is represented by a delicate line, as a rule of 
nearly equal thickness. The cuticle, waxy or fatty in nature, is re la-
Figure 3. 
Figure 4. 
Figure 5. 
Figure 6. 
Figure 7. 
Figure 8. 
Figure 9. 
Erythrophloem guineense (Caesalp.). Part of the testa from 
the side of the seed 
Delonix regia (Caesalp.). Section similar to Figure 3 
Bauhinia fassogj.ensis (Caesalp.). Malpighian cells swollen 
in water, with sketch to show these cells separating and 
curling back on the cuticle. 
Delonix regia. Seed in median longitudinal section 
Delonix regia. Seed in transverse section 
Tephrosia Candida (Lotoid). Seed in median longitudinal 
section, x6 
Tephrosia Candida. Eilum in transmedian longitudinal section, 
xl5 
ar, aril; arp, antiraphe; ch, chalaza; cu, cuticle; c.pal, counter 
palisade; en, endosperm; f, funiculus; i.i, inner integument; 
1.1, light line; mal, malpighian cells; nu, nutrient layer; os, 
osteosclerids; r.v.b, recurrent vascular bundles; s.m., mucilage-
stratum; v.b.arp., antiraphe vascular bundles. 
Reproduced from Corner (1951, pp. 119, 122, 134). 
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Figures 10-16. Diagrams of vascular supply of Lotoid seeds (roughly to 
scale). 
Figure 10. Canavalia ensiformis 
Figure 11. Erythrina subuinbrans (a part only of the reticulum shown 
on one side of the seed) 
Figure 12. Mucuna utilis (with short raphe) 
Figure 13. Tephrosia Candida 
Figure 14. Sophora tomentosa 
Figure 15. ibrus precatorius 
Figure 16. Indigofera enneaphylla 
Figure 17. Bauhinia purpurea (Caesalp.). The seed in median longitudinal 
section, x3 
Figure 18. Delonix regia (Caesalp.). Transmedian tangential section 
through the beginning of the raphe, the vascular bundles 
enclosed in the palisade tube, x 15 
Figure 19. Delonix regia (Caesalp.). Median longitudinal section of 
the hilar region 
ch, chalaza; en, endosperm,' f, funiculus; h, hilum; i.'i, inner 
integument; mal, Malpighian cells; p.t, palisade tube; r, radicle; 
rp, raphe ; r.v.b, recurrent vascular bundle; st, stellate cells; 
t.b, tracheid bar; v.b, vascular bundle. 
Reproduced from Corner (1951, pp. 123, 137). 
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Figure 20. Muouna bennettii (Lotoid.). A, diagram of the seed to show 
elongate hilum with long traoheid bar (hatched) and the vas­
cular supply to one side of the seed from the recurrent vas­
cular bundle; B, seed in chalazal view, xl.5 
Muouna bemiettii. Transmedian longitudinal section of the 
hilum, with the funiculus separating, xl5 
Parkia javanioa (Mimos.). Transverse section of the Malpi­
ghian cells at face line, x225 
Albizia sp. (Mimos.). Transverse section showing face line, 
x40 
Adenanthera pavonina (Mimos.). Mature face line 
Parkia javanioa (.Mimos.). Seeds in transverse section, x2 
Parkia javanioa (Mimos.). Transverse section of the raphe, 
*16 
Fhaseolus multiflorus (Lotoid.). Transverse section through 
the lensof a mature seed 
Caesalpinia sepiaria (Caesalp.). Transverse section of the 
subhilar region of a mature seed 
Figure 21. 
Figure 22. 
Figure 23. 
Figure 24. 
Figure 25. 
Figure 26. 
Figure 27. 
Figure 28. 
arp, antiraphe; ,ch, chalaza; cot, cotyledon; cu, cuticle; en, endo­
sperm;- f, funiculus; f.l, face line; h, hilum; i.i, inner integu­
ment; 1.1, light line; mal, Malpighian cells; nu, nutrient layer; 
os, osteosclerids; rp, raphe; s.m, mucilage stratum; t.b, traoheid 
bar; y, head of the funiculus. 
Figures 20-26, reproduced from Corner (1951, pp. 133, 136). 
Figures 27, 28, reproduced from Pitot (1936, pp. 50, 68). 
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tively impermeable to water. Seeds of genera Mucuna, Gymnocladus, and 
Gleditsia have rather thick cuticles and germination in these seeds pro­
ceeds rather slowly. Pammel (1899). 
Malpighian cells ("Palisade" of Corner). (Figures 3, 4, 5, 22, 24) 
The Malpighian cells are elongate, hexagonal in cross section, blunt 
or rounded at the ends and with one or more clear lucid lines (light lines) 
extending across the narrow diameter of the cells. The cells are not uni­
form in thickness; the cell cavity is usually larger in the lower than in 
the upper (closer to the cuticle) end, but it may widen somewhat near the 
light line, in the upper part of the cell, as in Gymnocladus and Gleditsia. 
Pammel (1899), Corner (1951). 
The Malpighian cells are in a single layer which forms the outermost 
cellular layer of the seed and the elongated cells are at right angles to 
the surface of the seed. 
The Malpighian cells begin to develop when the seed is nearly fully 
grown. In some cases the cells differentiate simultaneously over the whole 
seed. In other cases there is a gradation, as in Delonix, (Figure 4) in 
which differentiation proceeds from the hilum to the chalaza. In mimosoid 
seeds with face line ("pleurogram" of Corner) (Figures 22-26) the Malpighian 
cells apparently differentiate from the side of the seed and from the raphe-
antiraphe independently. Corner (1951). 
The Malpighian cells are nearly universal ih the Leguminosae. They 
vary-in- size. They are strongly developed in Gymnocladus and Gleditsia, 
less so in Trifolium, some species of Fhaseolus and Medicago, are nearly 
wanting in Stylosanthes and Arachis, and are absent in Chapmannia. Pammel 
(1899). It is interesting to note that the last three examples, in which 
the Malpighian cells are greatly reduced, are three related genera in the 
Hedysareae. 
Mucilage-stratum (Figures 3, 22) The outer periclinal walls of the 
Malpighian cells become more or less gelatinous, and often show successive 
thickenings. This feature is well marked on the side of the seed of 
Erythrophloem guinense. Corner (1951). 
Light line (Figures 4, 5, 22) This optical effect gives the false 
impression that the Malpighian cells consist of two layers of cells. In 
longitudinal section, the light line is evident as a bright spot in the 
cell wall at the junction of the two parts: in intact or surface view it 
appears as a dark lino simulating the division of the cell. Corner (1951). 
As a rule there is only a single light line in the Leguminosae. In 
Gleditsia, Cassia and Lupinus angustifolius there are two light lines and 
in many leguminous seeds there are no light lines except in the Malpighian 
cells of the hilum. Pammel (1899), Corner (1951). 
Pammel has reported concerning the contents of Malpighian cells. 
According to him a variety of coloring matter and some proteinaceous matter 
occurs in the Malpighian cells. Coloring matter is not present when the 
seed is soft, but it is deposited as the drying process of the seed begins. 
Osteosclerids ("hour glass cells" of Corner), (Figures 3, 4, 22). 
The osteosclerids almost always form an intermediate layer between the 
Malpighian cells and stellate-celled nutrient layer ("mesophy11" of Corner). 
Generally the osteosclerids are columnar, slightly narrowed in the middle 
and with expanded stellate ends. Between them are wide air spaces, and, if 
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the cells are tall, the tissue looks like I-beams adjacent to each other. 
In some species the osteosclerids are much longer than in others. The 
length also varies in different parts of the same seed, being greater to­
wards the hilar region. Where the Malpighian cells curve, the osteosclerids 
gradually become shorter and merge into the star-shaped parenchyma of the 
hilum. Pammel (1899). 
The osteosclerids usually are in a single layer, but there are two 
rows in the outer hypodermis of Delonix. In Canavalia, Ormosia and Vicia, 
there may be two to six rows near the hilum. In some cases there are no 
osteosclerids or they are so rudimentary as to be indistinguishable, as in 
Parkia, Adenanthera, Bauhinia and Caesalpinia. Corner (1951). 
In Arachis the- osteosclerids are like the cells of the nutrient layer. 
In Phaseolus vulgaris the cells are prismatic while in P. lunatus they are 
somewhat funnel-shaped. In Trifolium and Medicago these cells are hour­
glass shaped. Here the cells are broad at the base with triangular inter­
cellular spaces. In other cases the intercellular space is somewhat pris­
matic and large as in Lupinus albus and Vicia faba. Pammel (1399). 
Nutrient layer ("Mesophy11 of Corner) (Figures 3, 24) 
Tschirch (1899) applied the term "Nahrschicht" to the layer immediately 
inside of the osteosclerids to designate its function in the immature seed. 
This tissue forms the body of the testa and develops from the middle cell 
layer, or cell layers, of the outer integument. It consists typically of 
outer and inner layers of stellate cells separated by ordinary large-celled 
parenchyma. Pammel (1899), Corner (1951). Holfert (1890) observed that in 
Lupinus this layer consists of 30 rows of cells. 
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The nutrient layer has frequently been called the pigment layer 
because of the unusual amount of pigment deposited there. Anthocyanins 
and tannins are the pigments present. Pammel (1899). 
On ripening of the seed, the nutrient layer becomes thick walled.and 
the cells contract into angular or condensed shapes difficult to make out 
without reference to the unripened seed. Corner (1951). 
Mycotic layer 
In Phaseoleae a well developed layer of compact cells occurs under­
neath the nutrient layer. The cells are elongated, thick walled and rich 
in protein. Pammel found this layer well developed in Phaseolus multiflorus 
and other members of the genus as well as in Wisteria. 
External and Seed Coat-Related Structures 
Hilum (Figures 6, 8, 9, 10, 15-21, 29, 37) 
The Lotoid hilum The structure of the bean hilum, which is typical 
of most Lotoideae, has long been known. It is an elaborate structure. 
The hilum is a depression ("cuvette" of Pitot) covered with the Mal­
pighian cells of the testa. In addition, the adjacent layer in the distal 
end of the funiculus is transformed into Malpighian cells ("counter pali­
sade" of Corner, "cellule de rinforzo" of Italian authors) and the cell 
walls between the two Malpighian cell layers are practically confluent; 
hence, the counter palisade adheres to the seed on separation of the seed 
from the funiculus. Pitot names these two Malpighian cell layers the 
double epidermis to differentiate it from the single palisade ("epiderme 
obturateur") of the mimosoid-caesalpinioid hilum. Pitot (1936), Corner 
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(1951). 
A very fine groove, the median or hilar groove ("fente hilar" of Pitot) 
(Figures 10, 21) interrupts the double epidermis along the mid-line. This 
groove can be seen in most Lotoid seeds with the naked eye unless obscured 
by dried funicular tissue. It develops as a break in the Malpighian cells 
in the same way as the face line of Mimosoid seeds or by drying up of a 
small flange of parenchymatous tissue. Corner (1951). 
The distal tip of the funiculus is expanded into a bordered disc 
fitting like a stopper into the depression of the hilum. Corner (1951) 
gives the name "rim-aril" to the border of this disc. 
Pitot describes a number of hilar types in the Lotoideae: the super­
ficial type with rectilinear lip with an aril in the form of a bridge 
(Phaneolus); with lateral arillar remains (Canavalia); without aril (Pisum); 
the types in grooves, with arillar residue (Psoralea); without aril 
(Sophora). 
Another structure connected with the Lotoid hilum is the tracheid bar 
which will be discussed under the heading sub-hilum. 
The Mimosoid-Caesalpinioid hilum The mimosoid-oaesalpinioid hilum 
is quite different from the Lotoid type. Under the funiculus a depression 
is formed which is covered by a single layer of Malpighian cells ("epiderme 
obturateur" of Pitot) which nearly always has the light line. The depres­
sion is pierced by a narrow opening through which the vascular bundles 
pass. There is no counter palisade, no rim-aril, no tracheid bar, and no 
hilar groove (except Amherstieae-Cynometreae which have a short, slit-like 
hilum without Malpighian cells). Pitot (1936), Corner (1951). 
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Subhilar tissue (Figures 5, 9, 18, 19, 21, 28) 
Between the hilum and the endosperm, the outer integument is thickened 
and this subhilar tissue consists generally of stellate-celled aerenchyma. 
In mimosoid-caesalpinioid seeds there is often a hard, compact tissue of 
two to six rows of very thick-walled, pitted contiguous cells immediately 
below the hilum wliich serve as a strut against the contracting of the testa 
on the radicle. Corner (1951). 
Tracheid bar (Figures 9, 10, 20, 21) In the Lotoideae, under the 
hilar groove, there is a special formation, the tracheid bar "lamina 
chiriale" of Italian authors and "tracheid insel" of Tchirch. This struc­
ture is a rod of short tracheitis extending the length of the hilum (Figures 
10, 20). At the raphe end the tracheid bar may contact the sheath of the 
vascular bundles or even the xylem, or alternatively it may stop short of 
the vascular bundles. In cross section the tracheid bar is pear shaped 
and pointed to the hilar groove (Figures 9, 21). The tracheitis are con­
tiguous, without intervening parenchyma, and also point to the hilar 
groove. The bar appears at an early stage in the seed development as a 
strand of watery tissue, surrounded by a narrow sheath of small-celled 
parenchyma. At maturity the bar appears as a white strand. On either 
side are stellate aerenchyma generally separated from the Malpighian cells 
by several rows of contiguous, thick-walled isodiametric cells, (as in 
the subhilum of mimosoid-caesalpinioid seeds). Beneath or internal to, 
the tracheid bar and its aerenchyma is thin walled parenchymatous tissue 
carrying the two recurrent vascular bundles which connect with the raphe 
vascular bundle at its entry to the seed; these vascular bundles do not 
extend beyond the hilum, though they may give off branches to the sides of 
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the seed. Corner (1951, p. 136). 
Lens ("protuberance" of Pitot) (Figure 27) 
Many authors have referred to this structure under various names but 
few have tried to find its function. Gaertner (1788), Haberlandt (1877), 
Van Tieghem (1891), Le Homier (1872) thought that it marked the chalaza. 
Capitaine (1912) considered it to be the raphe. Delponte (1871) termed it 
"Ghiandola basillare" (basal gland). Chalon (1875) considered it an in­
dicator of humidity or evidence of the chalaza. These interpretations con­
flict with the observations of Hattirolo and Buscalioni (1892) and Anna 
Maisel (1909). The two Italian authors noted that this collenchymatous 
mass always forms a point on the vascular bundles and they considered it 
to be a valve "which regulates the vascular demand by small or large pres­
sure. 
Pitot treated the lens as a structure characteristic of the Lotoideae, 
but lacking in the Mimosoideae and Caeslapinioideae. He defined the lens 
("protuberance") as "all reinforcements of normal tissues of the seed 
situated between the hilum and the chalaza, on the trajectory of the 
principal vascular bundles." He believed the lens to be formed from pre­
existing integumentary tissues and to present a variety of forms. Accord­
ing to him the lens may form: l) from the epidermis. This can undergo a 
simple thickening or multiple divisions. 2) From the sub-epidermal layer. 
This layer in certain cases consists of osteosclerids which become elongated; 
in other cases these cells divide and give rise to several superimposed 
layers (i.e., Anagyris foetida). 3) On the superior face of the third inte­
gumentary zone (a region normally occupied by modified osteosclerids) the 
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lens may consist of a mass of globose cells, elongated in a bundle in the 
median plane. In Dolichos lablab and Mucuna umbellata the ontogeny of the 
lens is analogous to those of osteosclerids. Pitot (1936, p. 177). 
In the Mimosoideae and Caesalpinioideae there is no lens. Around the 
hilum, the pad ("bourelet" of Pitot) -which was formed very early by epider­
mal divisions, acquires a considerable importance. A special formation, 
the subhilar plug, "plage sub-hilaire" of Pitot, can be seen under the 
hilum. In Gaesalpinia, (Figure 28) in cross section, the epidermis becomes 
thin and forms a depression and from the bottom of this depression rises 
a semi-circular ridge. A similar structure is present in Gleditsia, Poin-
ciana and Mimosa in which the subhilar plug is limited below by a horizontal 
line. In Cercis siliquastrum the thickness of the epidermis is reduced and 
under it a' very thick collenchymatous tissue is present which blends with 
the integumentary collenchyma. Further, "in these two subfamilies the 
development of the ovule rests specifically on the hilum. The ovule keeps 
a campylotropous form until the appearance of the prehilar divisions. The 
hilar region itself is formed of a compact tissue composed of small ele­
ments. From the point of view of support, the ovule evolves perpendicular 
to the hilum, the embryonic sac straightens little by little and passes 
progressively from a campylotropous form to the anatropous. It seems, 
therefore, that the lens contributes to conserve the initial campylotropous 
form which is lost in the Caesalpinioideae. In fact, in Ormosia sumatrana 
with a Lotoid hilum, a straight embryo of the Caesalpinioideae is found. 
The prehilar pad is strongly pronounced and the lens is missing." Pitot 
(1936, p. 187). 
Pitot believes the lens plays an important role influencing the ulti­
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mate shape of the seed and gives a number of examples to substantiate his 
viewpoint. He believes that at maturity the lens no longer has an active 
role regardless of its position. 
Raphe-antiraphe (Figures 8, 10, 20) 
Corner defines the raphe as a median band in the testa, containing 
the principal vascular bundles, that extends towards the chalaza. If it 
extends beyond the chalaza, the distal portion is called antiraphe. The 
raphe and antiraphe may be variously modified. Osteosclerids may be 
missing, and the position of the light line is sometimes altered. Corner 
(1951). 
Chalaza (Figures 6, 8, 10, 11, 12, 14, 15, 17, 20, 30, 31) 
Gaertner (1788), Bischoff (1833), Pitot (1936), define the chalaza 
as "point at which the vascular bundles reach the nucellus." According 
to Pitot the chalaza may be close to the lens but is never found under it. 
Vascular supply (Figures 10-17, 31, 35, 36) 
In the Mimosoid-Caesalpinioid seeds there is a single slender vascular 
bundle which lies in the mesophyll as a hoop stretching from the funiculus 
round the seed almost to the micropyle. In some species of Bauhinia 
(Figure 17), only, there is no post-chalazal extension; among these species 
may be seen also a slight projection from the vascular bundle into the sub­
hilar tissue. The vascular bundle may take a characteristic course on 
immediate entry into the raphe. In Erythrophloeum, Adenanthera, and Leucaena, 
it passes gradually and obliquely to the inner part of the nutrient layer. 
In Delonix (Figures 18, 19) and, to a less degree, in Caesalpinia, the 
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first part of the vascular bundle is enclosed in a tube of palisade, invagi-
nated, as it were, from the hilum. Corner (1951). 
According to Pitot, three types of vascularizations are found in the 
Lotoideae: uninerve, trinerve, and plurinerve (multinerve). 
The uninerve type The uninerve type is essentially composed of a 
single vascular bundle penetrating the integument, at the base of the hilar 
region, and extending to the chalaza or beyond it. This type is found 
mainly in the Sophoreae (and is similar to that of the Mimosoideae-Caesal-
pinioideae). 
The trinerve type Here there is a median principal vascular bundle 
extending from the hilum to the chalaza or beyond. The vascular bundle 
upon entering the integument gives rise to two "recurrent vascular bundles" 
(Figures 9, 10, 21, 29, 31). The recurrent vascular bundles sometimes are 
exclusively composed of phloem tissue. The trinerve type is present in 
the majority of the Lotoideae with the exception of the Phaseoleae. 
The plurinerve type Usually this is composed of a principal vascu­
lar bundle and two recurrent vascular bundles which may be extensively 
ramified. The plurinerve type is present mainly in the Phaseoleae. It 
may also occur in a few species of other tribes. 
Some variations of the three above described types of vascularization 
occur in different tribes of the Lotoideae. In Canavalia ensiformis 
(Figure 10) there is a fairly long post-chalazal vascular bundle in the 
antiraphe which gives off short branches towards the two recurrent vascular 
bundles. In contrast, the seeds of Mucuna (Figure 20) and Dolichos, with 
an elongate hilum, possess no post-chalazal vascular bundle (Figures 12, 
20); the pre-chalazal vascular bundle is very short, but the1 recurrent vas-
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cular bundles are strongly developed. Vigna seeds are similar, but the 
hilum is shorter. Those of Erythrina (Figure 11) are intermediate in con­
dition. Again, there is no post-chalazal vascular bundle, but the pre-
chalazal as well as the recurrent vascular bundles give off branches to 
the sides of the seed, where they anastomose profusely, even reforming into 
a false post-chalazal vascular bundle along the antiraphe. In Tephrosia 
there is a progressive loss of branching (Figure 13) and in Sophora and 
Abrus, a shortening of the recurrent vascular bundles (Figures 14, 15). 
In Indigofera the vascularization is rudimentary; there remaining only a 
short vascular bundle of the raphe. Corner (1951). 
Face line ("Pleurogram" of Corner) (Figures 22-26) 
Isely (1955b) provides the name, face line, to the hoop-like or heart-
shaped line (Figures 22-26) characteristic of most Mimos.oid seeds. It is 
a fine groove in the testa on each side of the seed, following the curve 
of the raphe-antiraphe, and usually open at the hilar end. In Adenanthera 
pavonina (Figure 24), or in Pithecellobium dulce, the face line is seen in 
section as a microscopic break in the Malpighian cells with a slight ridge 
of mesophyll immediately internal; the testa has the same relatively simple 
structure on either side of the break. "In the developing seed, the break 
arises soon after the epidermal cells have ceased dividing and have begun 
to elongate into Malpighian cells. The face line then appears as a slight 
depression on the outside of the outer integument with shorter Malpighian 
cells on either side and with the mesophyll-ridge incipient." (Figure 24). 
Unlike some seeds, in which the Malpighian cells differentiate over the 
whole seed or from hilum to chalaza, in the Himosoideae "it looks as if 
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the Malpighian cells differentiate from two sources, the r aphe- ant ir aphe 
and from the sides of the seed independently, so that where the tvro pro­
cesses meet and interfere the groove results." In some species the 
mesophyll around the face line may be altered and one or more rows of 
osteosclerids may be added. The Caesalpinioideae do not have this linear 
face line. However, on the sides of the seeds of many species of Cassia 
there is an analogous modification as a slightly raised, or depressed, 
patch of testa wholly circumscribed by a sharp, though not depressed, 
boundary. Corner (1951, pp. 129, 130). 
Endosperm 
Systematic writers since the time of De Candolle (1825) have generally 
stated that the endosperm is absent in the Leguminosae. Some modern 
systematic writers also have fallen in the same error. Watson and Coulter 
(1889) say "Lotoideae mostly without albumen," the Caesalpinioideae "often 
with albumen." Britton and Brown (1913) state that endosperm is absent 
from Lotoideae while the Llimosoideae and Caesalpinioideae may be with or 
without endosperm. Taubert (1894) states that the endosperm is usually 
sparingly developed, or wanting; in some genera, however, present in abun­
dance. 
The classic papers of Schleiden and Vogel (1842) and Chalon (1875) 
recorded the presence of endosperm in a large number of genera and species. 
This was also correctly indicated by others. Several members of the tribe 
Phaseoleae show comparatively poor development of endosperm. Sempolowski 
(1874) found a small amount of endosperm in the genus Vicia although 
Bischoff (1833) and Schleiden and Vogel had previously regarded Vicia as 
exalbuminous. Sempolowski indicated the presence of endosperm in Trifolium 
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in considerable quantity, Fadelmann (1890) found endosperm in most genera 
examined except in the tribes C-eoffrieae and Swartzieae. 
Comparative studies by Eau (1951b, 1953) and other workers indicates 
considerable variability in the organization and activity of the endosperm. 
In all cases, the early development of the endosperm is of the free nuclear 
type but there is considerable variation in regard to the extent to -which 
cell formation takes place later. Cell formation starts at the micropylar 
end and later extends towards the chalaza. 
Martin (1946) studied 75 genera of the Lotoideae of which 41 had 
endosperm in appreciable quantity. The endosperm when present is generally 
most abundant on the exterior face of the cotyledons but often is present 
in small quantities near the base of the hypocotyl. Usually it is hard and 
somewhat glassy and does not give starch reaction with iodine. In these 
regards it is similar to the endosperm of Caesalpinioideae and Mimosoideae.. 
In a few genera e.g. Sophora, Cladrastis and Crotalaria there is an acces­
sory layer of material, "wall parenchyma" similar to that present in the 
Mimosoideae. In the Caesalpinioideae, of the 12 genera studied, 11 had1 
evident endosperm, frequently around the base of the embryo as well as 
opposite the cotyledon faces. In the Mimosoideae, of the nine genera 
studied, six had evident endosperm. All genera in the Caesalpinioideae 
and Mimosoideae have a layer of wall parenchyma. 
Corner (1951) considers the following tribes or genera to have dis­
tinctly albuminous seeds, though traces of endosperm occur around the 
radicle in most cases: In the Mimosoideae — Adenanthereae and Buminosoideae 
(at least in the ch.ala.zal half of the seed). In the Caesalpinioideae — 
Caesalpinia, Peltophorum, Delonix, Gymnocladus, Gleditsia, Schizolobium, 
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Cercidium, Parkinsonia, Bauhinia, Erythrophloem, Dimorphandra. The cells 
of the endosperm have thick deeply pitted walls with stellate lumen. 
Schleiden and Vogel (1842) observed that the endosperm of some legu­
minous seeds become mucilaginous on the addition of water. 
> 
Embryo 
Pitot (1936), Martin (1946), Corner (1951), and Isely (1955b) agree 
that the subfamily Lotoideae has a distinctly different embryo than the 
Mimosoideae and Caesalpinioideae. 
The mimosoid-caesalpinioid embryo is straight, with large cotyledons. 
The radicle-hypocotyl axis is short and straight. The radicle tip only 
slightly exceeds the lower margin of the basally cordate cotyledons -which 
largely invest the axis. Isely (1955b). 
The Lotoideae, in general, have a curved embryo. The radicle, which 
is rather long, is bent on the cotyledons. Pitot (1936). 
According to Corner short, straight, median radicles occur in some 
genera of the Lotoideae: e.g. Eedysareae: Arachis; Galegeae: subtribe 
Brongniartieae; Viceae: Cicer; Phaseoleae: Voandgeia; Dalbergeae: 
Andira, Dipheryx, Euchresta, Fissicalyx, Geoffraea, Pterodon; Sophoreae: 
Alexa, Bowringia, Camoensia, Castanospermum, Dalhousiae, Diplotropis, 
Monopteryx, Ormosia, Sophora, Sweetia. 
The Mimosoid-Caesalpinioid Seed Type 
l) The seeds have a form which is not very variable being derived 
from an anatropous ovule. 2) The embryo is straight. 3) The radicle 
is thick and short (except Bauhinia spp., and Petalostyles of the Cassieae). 
4) The seeds have a symmetrical shape, the chalaza being at the opposite 
31 
end from the hilum, and the raphe and antiraphe being equal (Bauhinia spp. 
which lack the post chalazal part of the vascular bundles, have asymmetric 
seeds). 5) The vascular bundles extend in a single hoop in the raphe-
antiraphe around the whole seed (except in those species of Bauhinia men­
tioned in the above paragraph). 6) The hilum is small, round or shortly 
oblong, and is closed by a single palisade. 7) There is no lens. 8) The 
funiculus is long (except Amherstieae-Cynometreae which are without aril, 
Bauhinia, Caesalpinia, Peltophorum). 9) Under the funiculus, in the hilar 
region, there is a unique epidermis pierced by a punctiform opening through 
which the vascular bundles pass. 10) The cotyledon cells are without 
starch grains or with only a few (except Amherstieae-Cynometreae -which have 
thick walled, horny, cotyledon-cells, often with amyloid cellulose and 
starch grains). Pitot (1936), Corner (1951). 
Birdsong et al. (i960), who examined legume seeds by chromatographic 
methods for the amino acid canavanine content, reported that canavanine 
has not been found in the Mimosoideae or Caesalpinioideae. 
The Lotoid Seed Type 
The microscopic structure of the hilum appears to be the most charac­
teristic feature of this subfamily. "The papilionaceous corolla merges 
into that of the sub-actinomorphic Caesalpinioideae in the several aber­
rant genera of the Sophoreae, as well as in the Swartzioideae but not, so 
far as known, the hilum." Corner (1951). 
Typical of the Lotoideae are the following characteristics. 1) 
Hilum often large, round, oblong or extended, with median groove. 2) 
Tracheid bar in the subhilar tissue. 3) Counter-palisade ("Double 
epidermis" of Pitot). 4) Rim-aril surrounding the head of the funiculus 
32 
and generally adherent to the hilum. 5) Two recurrent vascular bundles 
in the subhilar tissue. 6) Vascular supply generally without post 
chalazal extension, often elaborated from the raphe. Presence of recur­
rent vascular bundles. 7) Asymmetry about the transmedian longitudinal 
plane, the raphe shorter than the antiraphe, the ovules campylotropous or 
semi-anatropous and the form of the seed is variable. 8) Short funiculus. 
9) Presence of lens. 10) Curved embryo with an elongate and curved 
radicle. 11) Cotyledon cells generally thin walled. Pitot (1936), Corner 
(1951). 
According to Birdsong et_ al_. (i960) in the Lotoideae, the amino acid, 
canavanine, has not been found in the tribes Sophoreae, Podalyreae and 
Psoraleae. It has been found in at least some of the species of all the 
remaining tribes of the Lotoideae. Canavanine is apparently rare in the 
tribe C-enisteae (found only in one species) and is particularly abundant 
in the tribes Trifoleae and Loteae (found in all species examined). 
The ovules are initially orthotropous in all three subfamilies. Only 
subsequently in ontogeny do they differentiate into the several ovule types. 
Pitot (1936). 
Some seed forms in the Sophoreae appear to be intermediate between 
the Lotoideae and Mimosoideae-Caesalpinioideae. Ormosia sumatrana is an 
example. Its seeds have an anatropous form, a straight embryo, lack a 
lens, but possess the complex hilum of the Lotoideae. Pitot (1936). 
The Seed of Swartzia pinnata (Figures 29-31) 
The seed of this tropical American tree is intermediate between the 
mimosoid-caesalpinioid construction and the Lotoideae. In floral con-
Figures 29-32. Swartzia pinnata (Swartzioideae) 
Figure 29. Transmedian longitudinal section of the hilum, xl5 
Figure 30. The seed in median section 
Figure 31. A diagram of the vascular supply of the seed 
Figure 32. Hilar view 
Figures 33-37. Overgrown seeds 
Pentaclethra filamentosa (Caesalp.). Transverse section 
of the testa, x225 
Milletia atropurpurea (Lotoid.). Transverse section of 
the testa, x225 
Pentaclethra filamentosa (Caesalp.). A diagram of the 
vascular supply of the seed, xl.5 
Milletia atropurpurea (Lotoid.). A diagram of the vas­
cular supply of the seed 
Milletia atropurpurea (Lotoid.). Longitudinal section 
of the seed 
Figure 33. 
Figure 34. 
Figure 35. 
Figure 36. 
Figure 37. 
sur, aril; arp, antiraphe; oh, chalaza; cot, cotyledon; f, funiculus; 
h, hilum; rp, raphe; r.v.p, recurrent vascular bundles; st, 
stellate cells; y, bony ridge. 
Reproduced from Corner (1951, pp. 138, 139, 142, 143). 
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struction, also, the Swartzioideae appear intermediate between the Caesal­
pinioideae and the Sophoreae. Corner (1951). 
The seed of S. pinnata has the following mimosoid-caesalpinioid 
characters : Long funicle, large aril, symmetrical shape with equal raphe 
and antiraphe, (Figures 29, 30, 3l) no extensive vascular bundles on the 
sides of the seed (Figure 31), no counter palisade, and a short, straight 
radicle. It also has three lotoid features: a shortening of the post-
chalazal vascular bundles, the presence of a recurrent vascular bundle in 
the subhilum (Figure 31), and a bony ridge along the hilum suggestive of 
the tracheid bar (Figures 29, 32). "Its own peculiarities are the absence 
of hilar palisade, the bony ridge of the hilum, and the union of the two 
recurrent vascular bundles into one band of vascular tissue, -which comes 
to lie in the bony ridge after the ground tissue of the subhilum has be­
come thick walled. Thus the seed appears mainly mimosoid-caesalpinioid, 
but has the incipient features of the bean hilum. Refinement of the diffuse 
and large hilum of S. pinnata could lead to that of the bean." Corner 
(1951, p. 141). 
Overgrown Seeds 
Corner (1951, p. 141) presents an interesting viewpoint concerning 
"overgrown" seeds. "The Leguminous seed has normally a specific size set 
by differentiation of the Malpighian cells at a certain stage of develop­
ment of the fruit and seed. As a result the pod conforms with the seed. 
In some cases, in contrast, the seed enlarges and fills the seed cavity of 
the pod without differentiation of the features of the Leguminous testa. 
Such seeds, conforming with the pod, are exalbuminous and have the nature 
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of tumors, the growth of which is limited by the size of the pod (over­
grown seeds). Their main character is the lack of differentiation of the 
testa, which remains embryonic." Corner (1951, p. 141). 
Overgrown seeds occur in the following genera; Corner (1951). 
Mimosoideae: Entada, Pentaclethra, Pithocellobium. Caesalpinioideae: 
Bauhinia, Brownea, Cynometra, Detarium, Dialium, Koompassia, Mora, Saraca. 
Swartzioideae: Aldina. Lotoideae: Aiadira, Arachis, Castanospermum, Ino-
carpus, Milletia, and probably most genera or species with large, thin 
walled seeds in indehiscent fruits (e.g. Dalbergia, Derris, Dipteryx). 
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REVIEW OF LITERATURE PART II: CLASSIFICATION OF LEGUIvlIMOSAE 
Classical Systems of Classification 
Linnaeus (1737) 
Linnaeus' system of classification was artificial and based on number 
of stamens (24 classes) and pistils (67 orders) in flowers. The members 
of Leguminosae have stamen numbers ranging from 5 (occasionally fewer) 
or 10 to many. They were then grouped in diverse classes of the Linnaean 
system. 
Adanson (1763) 
Adanson divided the Leguminosae into six sections or tribes : l) 
Cassiae, characterized by free stamens; 2) Genisteae, characterized by 
unilocular ovary and curved radicle; 3) Astragali, in which the fruit 
is divided into two parts by a partition parallel to the valves; 4) 
Phaseoli, where the pod is divided into cells by transverse partitions; 
5) Coronillae, which have pods formed of segments attached edge to edge 
(the fruit is a loment); 6) Viciae, recognized by tendrils. 
A. L. de Jussieu (1789) 
A. L. de Jussieu considered the Leguminosae as a single family. He 
divided it into 10 sections based on regular or irregular corolla, type 
of stamens (free, monadelphous or diadelphous), multilocular or uni­
locular fruits, and leaf arrangement. He did not recognize the diversity 
of flowers, (since he combined the Mimosoideae with the Caesalpinioideae), 
nor the curvature of the radicle as a basic character of the Lotoideae. 
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Gaertner (1788) 
Gaertner was the first to introduce into the classification of the 
legumes the consideration of the direction of the radicle, either straight 
or curved on the cotyledons. He divided the Leguminosae into two sub­
families, Rectembrieae and Curvembrieae, and this idea, according to De 
Candolle, "started the great day in the study of this family." 
Robert Brown (1813) 
Robert Brown, following the same line of examination as Gaertner, 
introduced two other characters of importance, namely the insertion of the 
stamens (perigynous or hypogynous) and the disposition of the petals (val-
vate or imbricate). Based on this data he proposed to divide the Legumi­
nosae into three families l) the Papilionaceae which have a curved embryo 
with perigynous flowers and imbricate aestivation; 2) the Caesalpinaceae 
with a straight embryo and perygenous flowers with imbricate aestivation; 
and 3) the llimosaceae with a straight embryo, and hypogynous flowers with 
valvate aestivation. 
Kunth (1822) 
Kunth differed from Brown in that he considered the Leguminosae as 
a single family with three divisions. 
Bronn (1822) 
Bronn considered the Leguminosae as a single family which he divided 
into two sub-families (like Gaertner) Rectembrieae and Curvembrieae. 
Following is an outline of Bronn's classification: 
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Sub-family Rectembrieae 
Tribe Mimosoideae (Mimosaceae of Brown, 1814) 
Tribe Gassieae (Caesalpinaceae of Brown) 
Tribe Cerceae (separated because of irregular corolla) 
Sub-family Curvembrieae 
Tribe Sophoreae (have free stamens) 
Tribe Diadelphes (have monadeIphous or diadelphous stamens) 
Group Genisteae 
Group Trifoleae 
Group Phaseoleae 
Group Vicieae 
Group Coronillieae 
Group Galegeae 
Groups Dalbergeae and Intsieae (genera whose characteristics 
were not sufficiently knoivn). 
Ebermeyer (1824) 
Ebermeyer used the flower characteristic (papilionaceous or regular) 
as a basis for the primary divisions of his classification. His system 
is similar to Bronn (1822) except that he united the Cerceae to the 
Cassieae. De Candolle (1825). 
De Candolle (1825) 
De Candolle considered the Leguminosae as a single family and divided 
it into the Rectembrieae and Curvembrieae, which in turn were sub-divided 
as follows t 
1. Rectembrieae (with straight embryo). 
2. Mimosoideae (sepals and petals regular, stamen hypogenous). 
2. Caesalpinioideae. 
3. Detariees (sepals indistinct before flowering; petals absent). 
3. Geofrees (sepals distinct before flowering; petals irregular; 
stamens united by their filaments). 
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3. Cassiees (sepals distinct before flowering, petals irregular, 
stamens free). 
1. Curvembrieae (radicle curved on cotyledons). 
5. Swartzieae (calyx lobes indistinct especially before flowering; 
stamens hypogenous; corolla absent or with 1 or 2 petals). 
5. Papilionoideae (calyx lobes distinct; corolla papilionaceous ; 
stamens perigynous). .. -
6. Fhyllobles (cotyledons foliaceous). 
7. Sophoreae (pod in one piece, stamens free). 
7. Loteae (pod in one piece, stamens united by their fila­
ments) . 
7. Hedysareae (pod segmented transversely, stamens usually 
united by their filaments). 
6. Sarcolobées (cotyledons fleshy). 
8. Vicieae (pod many seeded, dehiscent, leaves with tendrils). 
8. Phaseoleae (pod many seeded, dehiscent, leaves without 
tendrils). 
8. Dalbergeae (pod indehiscent with 1 or 2 seeds, leaves 
without tendrils). 
De Candolle1 s classification is the most advanced classical system 
and his divisions of Mimosoideae, Caesalpinioideae, and Papilionoideae 
constitute the foundation for modern systems. There are three main 
objections to De Candolle's system: l) the Mimosoideae should be sub­
divided; 2) the divisions of the Caesalpinioideae lack clarity; o) the 
tribe Loteae should be further subdivided. De Candolle was aware of the 
shortcomings of his system but did not have more information to do better. 
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The genus Swartzia, the basis of his Swartzieae, and fourth subfamily, 
is of questionable orientation even today. 
More Recent Systems of Classification 
Bentham and Hooker (1865) 
Bentham and Hooker published the first relatively complete classifi­
cation of the Leguminosae. These authors divided the Leguminosae into 
three subfamilies. A brief synopsis of the system is given below: 
Subfamily Papilionaceae Calyx gamosepalus above the disc. Petals 
imbricate, exserted on top. Radicle bent, accumbent, very rarely short 
and straight. 
Tribe Podalyreae. Shrubs, rarely herbs. Leaves simple or palmately 
compound. Stamens 10, free. 
Tribe Genisteae. Shrubs or herbs. Leaves simple or palmately com­
pound; leaflets entire. Flowers in terminal racemes or arising opposite 
the leaves, i.e., sympodial, or flowers axillary, solitary or fascicled. 
Stamens 10, monadelphous,. rarely diadelphous. 
Tribe Trifoleae. Herbs, rarely shrubby bushes. Leaves pinnate, 
rarely palmately 3-foliate; veins often excurrent in teeth. Flowers 
solitary or in racemes, peduncled, axillary, rarely in terminal congested 
racemes. Stamens 10, diadelphous or monadelphous. 
Tribe Loteae. Herbs or shrubby herbs. Leaves pinnate with 3-many 
entire leaflets. Flowers in axillary heads or umbels, rarely solitary. 
Stamens 10, diadelphous or monadelphous. Filaments alternating, often 
the tops dilated. 
Tribe Galegeae. Non-twining herbs, erect shrubs, rarely trees or 
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high bushy shrubs. Leaves pinnate with 5-many, rarely 1—3 leaflets; leaf­
lets often entire. Flowers in solitary racemes or panicles. Stamens 10, 
diadelphous or if monadelphous the vexillary stamen often free at the base. 
Legume with 2-valves, or if rarely indehiscent, small 1-2 seeded or in­
flated-membranous . 
Tribe Hedysareae. Similar to Loteae, Galegeae or Phaseoleae. Legumes 
articulated. 
Tribe Vicieae. Herbs. Leaves even-pinnate, rachis terminating in 
a bristle or tendril; leaflets often toothed at apex. Stamens and legumes 
similar to Phaseoleae. 
Tribe Phaseoleae. Twining herbs, rarely erect, bushes or very rarely 
trees. Leaves pinnate, very rarely subdigitate, 3-foliate, rarely 1-5-7-
foliate; leaflets entire, lobed, often stipellate. Flowers racemose or 
fascicled, peduncled, axillary. Stamens diadelphous or submonadelphous. 
Legume 2-valved. 
Tribe Dalbergieae. Trees or rather tall bushes or climbers. Leaves 
pinnate with 5-many leaflets very rarely 1—3 foliate. Inflorescence vari­
able, often paniculate or fascico-paniculate. Stamens monadelphous or 
diadelphous. Legume exserted, indehiscent, membraneous, coriaceous, woody, 
or drupe-like. 
Tribe Sophoreae. Trees or tall bushes or tall shrubs, scandent or 
climbing, very rarely small bushes or subshrubs. Leaves pinnate with 5 
to many leaflets or a single large leaflet, seldom with 3-leaflets. Sta­
mens 10, free. 
Tribe Swartzieae. Trees or tall shrubs. Leaves pinnate with 5-many, 
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rarely 1—3 leaflets. Calyx always (in "Sophoreis" rarely) in one piece 
and closed before anthesis. Stamens many, rarely less than 10, free. 
Subfamily Caesalpinieae Calyx separate beyond the disc or rarely 
gamosepalous above. Petals imbricate, the outermost below. Radicle erect 
or very rarely slightly bent. Stamens often free. 
Tribe Sclerolobieae. Leaves odd-pinnate or rarely even pinnate. 
Ovary stipate and free from the calyx at the base. Ovules 3-many. 
Tribe Eucaesalpinieae. All or some of the leaves bipinnate. Ovary 
stipate and free from the calyx at the base. Ovules many, rarely 1-2. 
Tribe Cassieae. Leaves odd-pinnate or even pinnate. Ovary stipate, 
free from the calyx at the base. Anther with 2 pores or 2 short slits, 
longitudinally dehiscent, erect, basifixed, not versatile. 
Tribe Bauhinieae. Leaves simple, entire, 2-lobed or rarely 2-foliate. 
Calyx gamosepalous above the disc or valvate. Ovary stipate and adnate 
to the calyx tube. Ovules 2-many. 
Tribe Amherstieae. Leaves even-pinnate or rarely simple. Ovary 
stipate, adnate to calyx tube. Ovules 3 to many. 
Tribe Dimorphandreae. Leaves bipinnate, very rarely odd-pinnate. 
Flowers small, spicate. Calyx gamosepalous above the disc. Ovules many. 
Subfamily Himoseae Flowers regular, small. Calyx gamosepalous, 
or valvate. Petals valvate, usually connate below the middle. Stamens 
free or monadelphous. 
Tribe Parkieae. Calyx with short teeth, imbricate. Stamens twice as 
many.as petals, or of the same number. 
Tribe Adenanthereae. Calyx valvate. Stamens twice as many as petals, 
rarely of the same number. Anther gland present and usually stipate. 
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Tribe Eumimoseae. Calyx valvate. Stamens free, same number or twice 
as many as petals. Anthers glandless. 
Tribe Acacieae. Calyx valvate. Stamens many, free. 
Tribe Ingieae. Calyx valvate. Stamens many, monadelphous. 
Taubert (1894) 
The most widely used, and/or referred to system of classification of 
the Leguminosae is the system of Taubert published in Engler and Prantl's 
Die Haturlichen Pflanzenfamilisn. Bven though Taubert's system is perhaps 
better known, it is not very different from the system of Bentham and 
Hooker (1865). Taubert's system differs from that of Bentham and Hooker 
in the following points; 
1. In the Mimosoideae, Taubert advocated tribal status for the 
Piptadenieae. He defined this group in terms of the presence of endo­
sperm in the seed. 
2. In the Caesalpinioideae Taubert added the tribe Kramerieae (with 
a single genus Krameria) and the tribe Tounateae (Swartzieae of Bentham 
and Hooker). 
3. In the Lotoideae Taubert used the same arrangement as Bentham 
and Hooker with the exception of the removal of the Swartzieae. 
General Remarks About the Leguminosae 
The Leguminosae has been treated as three subfamilies: Mimosoideae, 
Caesalpinioideae, and Lotoideae by most authors, (in many works the third 
subfamily name is Papilionioideae). Britton and Brown (1913), Small (1933), 
and others have recognized the taxon as four families;1 Mimosaceae, 
Cassiaceae, Krameriaceae, and Fabaceae. Jones (1955, p. 188) following 
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Robert Brown (1813), Hutchinson (1926) and others, who believed the legumes 
to constitute an order, proposed the name Leguminales and distinguished it 
from the Resales as follows: "Carpel one, developing into a legume (rarely 
indehiscent); flowers of most species zygomorphic; stamens usually definite, 
10 or 5, sometimes numerous." 
Taubert (1894), Capitaine (1912) and others have regarded the 
ICramerioideae (unigeneric and wholly American group) as a tribe of the 
Caesalpinioideae. Benson (1957), as well as others, have treated the 
ICramerioideae as a fourth subfamily of the Leguminosae. Abrams (1944), 
Turner (1958), and other authors have raised the ICramerioideae to a family 
status, Krameriaceae. Bentham and Hooker (1865), Hallier (1912), and 
Hutchinson (1926), placed the genus Krameria in or near the Polygalaceae 
but according to Turner (1958) an appropriate comparison cannot be made 
due to lack of chromosome counts in the Polygalaceae. 
According to Senn (1938) the subfamilies Mimosoideae and Caesalpin­
ioideae have long been considered as primitive groups which gave rise to 
the Lotoideae. Their primitive characters have - been considered partly 
to be their regular flowers, numerous stamens characteristic of some groups, 
predominance of the woody habit and tropical distribution. The concept of 
floral evolution which considers actinomorphy as primitive and zygomorphy 
as advanced appears to be widely accepted and a graded series of increasing 
degrees of zygomorphy can be shown from the Mimosoideae, through the 
Caesalpinioideae, to the Lotoideae. • 
According to Burkhart (1952, p. 47) the Caesalpinioideae on an 
exomorphic basis often have been considered as "primitive" group which 
might have given rise to the Lotoideae. A close morphological connection 
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between these two subfamilies may be inferred from the way the tribe 
Swartzieae has been treated. Bentham and Hooker placed this tribe in the 
subfamily Lotoideae, while Taubert placed it in the Caesalpinioideae. De 
Candolle (1825) showed its relationship to be somewhere between the Caesal­
pinioideae and Lotoideae. 
Senn considered most of the Lotoideae to be originated from a primi­
tive form or forms of 8 chromosome legumes. According to him there is 
evidence for at least 3 or 4 main lines with 8 chromosomes which led out 
of this primitive group. Subsequently 7, 9, and 11-chromosome lines 
arose by aneuploid loss or gain and thus the present day tribes were 
established. 
According to Turner and Fearing (1959), Senn came to his conclusion 
without knowledge of the chromosome numbers of the presumed primitive 
groups within the Caesalpinioideae, basing his statement largely on the 
repeated occurence of 8 as a base number in widely separated taxa of the 
Lotoideae and on statistical grounds (8 was found to be the most frequent 
number in the family occuring in 28.72 % of all species for which counts 
were known to him. Turner and Fearing who reported chromosome counts for 
30 legume taxa, mostly from African species with tropical or subtropical 
affinities, indicated the following base numbers in the subfamily Caesal­
pinioideae; x = 12, 14 for the Eucaesalpinieae and Amherstieae (in part); 
x = 7 in the Bauhinieae and Cassieae; x = 8, 10 in the Cynometreae; x = 11 
in the Sclerolobieae; and x = 8 in the Swartzieae. 
"Whether or not one believes that Senn's conclusions were justified, 
it is rather remarkable that the diploid number of 2n =16 has been found 
in several caesalpinioid tribes. Also it is most remarkable that some of 
47 
the supposedly primitive morphological types, such as occur in the 
Swartzieae, and which appear to connect the Lotoideae with the Caesalpin­
ioideae, have x = 8 as a base number. Under the assumption that x = 8 is 
one of the principal base numbers for the subfamilies Caesalpinioideae 
and Lotoideae, it is notable that phyletic lines on a base of x = 7, 9, 
10, 11, etc., might have arisen by aneuploid loss or gain such as Senn 
has suggested for the major tribal lines within the latter subfamily." 
Turner and Fearing (1959, p. 53). 
According to.Dormer (1945) the acacian shoot, either in its typical 
form or with some modifications, is found throughout the Mimosoideae, in 
most Sophoreae and G-enisteae and part of the Podalyrieae. Open vascular 
systems are the rule in the Phaseoleae. They also occur in Dalbergieae 
and Robiniinae. Closed vascular systems of one kind or another are 
characteristic of Loteae, Coronillinae, Vicieae (except Abrus), part of 
the Podalyrieae, most Trifoleae and a fair proportion of Caesalpinioideae. 
No closed system is known from the Mimosoideae. 
Berger et^ al_. (1958) suggest that the presence or absence of poly­
ploid divisions in the development of diploid species may be a new and 
useful criterion for taxonomic studies. These authors studied root tips 
of 79 species from 55 genera representative of 3 subfamilies: of the 
Leguminosae. In the Mimosoideae, in all the species studied with one 
exception, polyploid divisions were abundant at the beginning of the 
mitotic activity in the root meristems. Most of the polyploid divisions 
were 4n and they were most common in seedlings 4-6 mm long. The only 
exception to this type of development was found in Piptadenia peregrina 
in which polyploid divisions were not nearly as common as in other species 
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of the Mimosoideae. In the Caesalpinioideae, polyploid divisions were 
common in the root meristem in the early germination of seeds Cassia, 
Delonix, and Parkinsonia. No polyploid divisions were found in early 
development of Cercis, Bauhinia, Ceratonia, Dialium, Erythrophloem, 
Gymnocladus, Gleditsia, Peltophorum, and Caesalpinia. In the Lotoideae, 
with one exception, polyploid divisions in early development were not found 
in any of the species studied.- Polyploid divisions were found in early 
development in Aeschynomene. These authors, however, did not have suffi­
cient seeds for a more detailed study of this genus. 
Questionable Tribes 
Psoraleae 
Taubert (1894) and other authors do not recognize the Psoraleae as a 
tribe, but consider its members as a component of the C-alegeae. Rydberg 
(1919-1920) has advocated tribal status for the Psoraleae, a viewpoint 
which is accepted by Britton and Rose (1928), Gleason (1952), Isely (1958), 
and Porter (1959). The group is defined by Isely in terms of the glandular 
condition of its members and the usually 1-seeded, indehiscent or second­
arily dehiscent pod. The chromosome numbers also support the viewpoint of 
Psoraleae as a separate tribe. The Psoraleae have chromosome numbers 
x = 7, 10. The Galegeae on the other hand commonly have chromosome number 
x = 8, a number which does not occur in the Psoraleae. 
G-lycyrrhizeae and Indigoferineae 
Rydberg (1932) has advocated tribal status for the Glycyrrhizeae 
and Indigoferineae. This viewpoint is not accepted by other authors. 
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Moreae, Poeppigieae, and Phyllocarpeae 
Britton and Rose (1928) have advocated tribal status for the Moreae 
(with a single genus Mora), Poeppigieae (with a single genus Poeppigia), 
and Phyllocarpeae (with a single genus Phyllooarpus). This viewpoint is 
not accepted by other authors. 
Questionable Subtribes and Genera 
Goronillinae 
According to Dormer (1945) the subtribe Goronillinae should be re­
moved from the liedysareae and placed with the Loteae as "a study of the 
vegetative features appears to establish a close affinity of the Goronil­
linae and the Loteae beyond all reasonable doubt. In both tribes the 
shoot is uniformly distichous with trilacunar nodes and a closed vascular 
system." A study of seedlings supplements this conclusion, "in Securigera 
and Scorpiurus among the Goronillinae and in Lotus tetragonolobus there 
is no plumule, the entire epicotyledonary part of the plant being produced 
from the axillary buds of the cotyledons. This condition is not yet known 
in any other plants whatever." Dormer (1945, p. 152, 156). The chromosome 
numbers also favor this reasoning. According to Senn (1938) who studied 
two genera of the Goronillinae, Scorpiurus has chromosome numbers x = 7, 
14 and Ornithopus has chromosome numbers x = 7, 8. The chromosome number 
x = 7 occurs in most genera of the Loteae except the genus Lotus (which 
may be an aneuploid) while in the Hedysareae x = 7 occurs only in some 
species of the genus Sedysarum. 
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Abrus 
Streicher (1902), on the basis of anatomical studies of the Vicieae 
concluded that Abrus should be separated from the other Vicieae. Compton 
(1912) indicated that Abrus has tetrarch root structure and epigeal germi­
nation. The true Vicieae hare triarch roots and hypogeal germination while 
the Phaseoleae have tetrarch roots and either epigeal or hypogeal germi­
nation. Popov (1928-1929) concluded that Abrus should be placed in a 
position between the Vicieae and Phaseoleae but closer to the Phaseoleae. 
Dormer (1945) on the basis of morphological studies concluded that Abrus 
differs very markedly from the rest of the Vicieae and that it should be 
placed near the Phaseoleae and Dalbergieae. The chromosome number of Abrus 
corroborates the anatomical characters. Abrus has a chromosome number of 
x = 11 which is not found in the Vicieae but vihich is the prédominent 
number of the Phaseoleae. 
Ononis 
Popov (1928-1929) studied the morphology and distribution of the genus 
Ononis and concluded that it shows relationships with the Genisteae, Tri­
foleae, and the genus Cicer (Vicieae). Consequently according to him 
Ononis should not be included in the Trifoleae but should be removed to a 
position intermediate between the C-enisteae and Trifoleae. Popov considers 
the Trifoleae as a very old temperate group which has recently mingled with 
the Genisteae to produce the genus Ononis. 
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MATERIALS AîîD ivIETHODS 
Seeds of 213 species representing 111 genera of legumes were studied 
in this investigation. The seeds were obtained from the following sources : 
Seed collection of the Seed Laboratory at Iowa State University. 
Commercial samples received at the Seed Laboratory, I. S. U. 
Iowa State University Herbarium. 
Collections of Dr. Duane Isely, I. S. U. 
Seed collection of Charles R. C-unn, I. S. U. 
U. S. regional plant introduction stations : Am.es, Iowa; Geneva, 
Mew York; Pullman, Washington ; Experiment, Georgia. 
A. M. T. A. Botanicus Kertje liortus Botanicus Academiae Scientiarum 
Eungaricae." Vacratot (lïungaria). 
The genus was selected as a primary basis for this investigation. 
Species were studied as they served to typify the genera concerned. An 
attempt was made to obtain seeds of as many genera as possible. From 
small genera only one species was chosen for analysis. In case of larger 
genera, two to seven species were studies depending on the size of the 
genus and availability of seed material. 
The identity of the seed samples was verified where possible. 
The seeds were prepared for examination by soaking in water until 
they absorbed the maximum amount of water without splitting the seed coat. 
Sandpaper or a file was used to cut the seed coat of hard seeds. This 
procedure sometimes resulted in part of the endosperm oozing out of the 
seed and being lost. 
Figures 38-40. Diagrams of seeds of Medieago sativa (Lotoideae). 
Figure 38. Side view of the seed in the plane of cotyledons 
Figure 39. Section of seed through hilum at right angles to plane 
of cotyledons 
Figure 40. Median section (section yy ' of Figure 38) 
Figures 41-43. Diagrams of "type" seed of Genisteae (Lotoideae). 
Figure 41. Side view of the seed 
Figure 42. Section similar to Figure 39 
Figure 43. Section similar to Figure 40 
Figures 44-46. Diagrams of mimosoid-caesalpinioid seeds. 
Figure 44. Side view of the seed 
Figure 45. Median longitudinal section of the seed (section xx' of 
Figure 44) 
Figure 46. Median section (section yy' of Figure 44) 
Figure 47. Hilar view of the seed of Trifolium pratense (Lotoideae) 
Figures 48-50. Sections of seeds showing amount of endosperm 
Figure 48. Abundant 
Figure 49. Medium 
Figure 50. Ino endosperm 
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Both external and internal structures were examined. A pair of 
tweezers, with the jaws bent at 45 degrees, and micro knives (adapted 
from jig saw blades) were used. The seeds were sectioned with a razor 
blade. Subsequently they were mounted in modeling clay and the diagrams 
drawn. 
A binocular dissecting microscope with magnifications of 5x, 9x, lôx, 
and 27x was used throughout the investigation. Measurements were made 
with an ocular micrometer. 
A Zeiss drawing apparatus (camera lucida) was employed for the 
illustrations. By changing the oculars, and by raising and lowering the 
drawing platform, illustrations of similar size were obtained regardless 
of the actual size of the seed. Five different illustrations were made 
of the seeds : 
A) Side view of the seed in the plane of the cotyledons. (Figures 
38, 41, 44). 
B) Hilar view of the seed. (Figure 47). 
C) View of the embryo with one of the cotyledons removed to show 
the embryo axis and remaining cotyledon. 
D) Section through hilum at right angle to plane of cotyledons. 
(Figures 39, 42, 45). 
E) Median section through cotyledons, right angle to "D" above. 
(Figures 40, 43, 46). 
Three, four, or all five of these illustrations for the majority of 
genera are reproduced in this thesis. In these drawings as well as in the 
descriptive text, the "top" of the seed of the Lotoideae is the end at 
which the cotyledons and hypocotyl join. (Figures 38, 41). 
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For observation of the amount of endosperm, the median section through 
the hilum was studied. The endosperm was considered "abundant" when the 
cotyledons were narrow in cross section and the endosperm occupied a cross 
section area equal to or more than the cotyledons. (Figure 48). The endo­
sperm was "medium" when the cotyledons were oval in cross section and the 
endosperm was half as thick as-the cotyledons. (Figure 49). The endosperm 
was "thin" when only a narrow band of it was present enveloping the embryo. 
An embryo/endosperm ratio was calculated. One—four seeds were dis­
sected depending on availability. The endosperm and embryo were separated 
and weighed. They were then dried at 100°C overnight, and weighed again. 
Usually two tests were run on each species examined. In cases where the 
results of the two tests were divergent, a third test was run. An embryo/ 
endosperm ratio from zero to two was considered abundant; two to four, 
medium; five to ten, thin; and over ten was considered very thin. 
Since visual observations of the endosperm correlated quite well with 
actual embryo/endosperm ratios and because of lack of sharp lines of sepa­
ration between the different categories, the embryo/endosperm ratios were 
not calculated for all the seeds studied. 
The sizes, colors and shapes of the seeds reported are approximate as 
they are based on the few seeds that were analysed. The external dimen­
sions are based on dry seeds and the numbers represent the length and the 
width of the side view; and the width of the hilar view, respectively. 
Except where otherwise specified Taubert's (1894) classification and 
arrangements of tribes is used. 
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DESCRIPTIVE TREATMENTS I: LOTOIDEAE 
Seeds variable in size (1.0—22.0 mm in length),--^ solor (white—black), 
and shape (reniform—spherical, rarely ellipsoid). Hilum often large, 
round, oblong or extended with hilar groove, double epidermis, and tracheid 
bar in the subhilum. Lens present, variable in position (attached to hilum— 
far from it). Curved embryo with an elongate and curved radicle. Epi-
cotyl variable in length (not visible—as long as radicle). Endosperm 
variable (abundant—absent). 
• Sophoreae 
Seeds usually large (6.2—11.5 mm long). Radicle small compared with 
the size of the seed and usually perpendicular to long axis of cotyledons. 
Hilum near the top of the seed. Lens not attached to the hilum. Endo­
sperm variable (abundant—thin). 
Baphia Afzel 
Baphia obovata Schinz. Dry seed 9.0 x 7.0 x 4.5 mm, reddish-brown, 
ellipsoid-lens shaped. Hilum 1.0 mm long, near the top of the seed. Coty­
ledons 9.0 mm; radicle 2.5 mm long. Endosperm thin and fused to seed coat. 
Cladrastis Raf. 
Cladrastis lutea K. Koch. Dry seed 6.2 x 3.1 x 2.5 ram, brown, reni­
form. Hilum 1.0 mm long, near the top of the seed. Lens not close to 
hilum. Cotyledons 8.2 mm; radicle .2.9 mm; epicotyl not visible. Endosperm 
abundant; embryo/endosperm ratio 1.7 (Figure 5l). 
Sophoreae (Lotoideae) 
Figure 51. Cladrastis lutea 
Figure 52. Sophora japonica 
Figure 53. Sophora secundifolia 
Podalyrieae (Lotoideae) 
Figure 54. Baptisia tinctoria 
Figure 55. Thermopsis caroliniana 
A) Side view of the seed in the plane of the cotyledons. 
B) Hilar view of the seed. 
C) View of embryo with one of the cotyledons removed to 
show the embryo axis and remaining cotyledon. 
D) Section through hilum at right angle to plane of 
cotyledons. 
c, cotyledon; de, double epidermis; e, endosperm; ep, 
epicotyl; h, hilum; 1, lens; m, micropyle; r, radicle; 
sc, seed coat; sh, subhilum; tb, tracheid bar. 
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Sophora L. 
Sophora japonica L. Dry seed 9.0 x 6.0 x 3.5 ran, brown, ellipsoid. 
Hilum 2.0 mm, black, near the top of the seed. Cotyledons 12.5 mm; radicle 
4.5 mm; epicotyl 1.1 mm long. Endosperm abundant; embryo/endosperm ratio 
1.5 (Figure 52), 
S. secundifolia DC. Dry seed 11.5 x 9.0 x 8.5 mm, red, ovoid. Hilum 
2.5 mm long, near the top of the seed. Embryo straight. Cotyledons 13.0 
mm; radicle 2.5 mm; epicotyl 1.0 mm long. Endosperm thin and stuck to seed 
coat (Figure 53). 
The seed looks very similar to mimosoid-caesalpinioid seeds in its 
gross anatomy and straight embryo. Its lotoid feature is the complex hilum. 
Podalyrieae 
Seeds medium sized (3.2—4.7 mm long). Hilum near the top of the 
seed. Radicle short. Epicotyl not visible. Endosperm thin. 
Baptisia Vent. 
Baptisia leuoantha T. & G. Dry seed 4.0 x 3.0 x 2.0 mm, yellow-
brotm, tubercled, ellipsoid, iiilxun small near the top of the seed. Coty­
ledons 5.0 mm; radicle 2.5 mm long. Endosperm thin; embryo/endosperm 
ratio 11.0. 
B. tinctoria R. Br. Dry seed 2.5 x 2.0 x 1.6 mm, yellow green, el­
lipsoid. Hilum small, near the top of the seed. Lens not close to hilum. 
Cotyledons 2.6 mm; radicle 1.4 mm. Endosperm thin (Figure 54). 
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Thermopsis R. Br. 
Thermopsis caroliniana M. A. Dry seed 3.2 x 2.0 x 1.5 ram, yellow-
brown, reniform. Hilum small, on upper half of the seed. Lens not 
attached to hilum. Cotyledons 4.1 mm; radicle 2.0 mm. Endosperm thin; 
embryo/endosperm ratio 7.7 (Figure 55). 
T. montana Ivutt. ex. T. & G. Dry seed 4.2 x 3.0 x 1.7 mm, orange, 
reniform. Hilum small, near the center. Lens not attached to hilum. 
Radicle tip overhanging on hilum. Cotyledons 4.7 mm; radicle 2.8 mm. 
Endosperm thin. 
Genisteae 
Seeds variable in size (1.0—9.0 mm. in length) and color (yellow— 
black). Hilum small, oval, ca. 0.5 mm long. Tfifhite aril (variable in size 
sometimes present over and around hilum. Lens when visible often not 
attached to hilum. Radicle usually long, sometimes longer than cotyledons, 
hence hilum at the bottom of the seed. Epicotyl rarely visible. The 
section through hilum at right angles to cotyledons (Figure D) normally 
longer than median section through short axis of cotyledons (Figure E). 
This type of seed is referred to as typical Genisteae. Endosperm abundant— 
medium; very thin in Lupinus. 
Argyrolobium E. & Z. 
irgyrolobium linnaeanum Walp. Dry seed 2.3 x 2.0 x 1.4 ram, brown, 
typical Genisteae. Hilum small, at the bottom of the seed; white aril 
1.0 mm long. Lens not attached to hilum. Cotyledons and radicle of equal 
length, 3.5 mm long. Endosperm medium; embryo/endosperm ratio 3.5 (Figure 
56). 
Genisteae (Lotoideae) 
Figure 56. Argyrolobium linnaeanum 
Figure 57. Calycotome spinosa 
Figure 58. Crotalaria intermedia 
Figure 59. Cytisus sooparius 
Figure 60. Genista elata 
A) Side view of the seed in the plane of the cotyledons. 
3) Hilar view of the seed. 
C) View of embryo with one of the cotyledons removed to 
show the embryo axis and remaining cotyledon. 
D) Section through hilum at right angle to plane of cotyledons. 
a, aril; c, cotyledon; de, double epidermis ; e, endosperm; 
h, hilum; 1, lens; r, radicle; sc, seed coat; sh, sub­
hilum; tb, tracheid bar. 
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Genisteae .(Lotoideae) 
Figure 61. Listia heterophilla 
Figure 62. Lupinus nootkatensis 
Figure 63. Spartium junceum 
Figure 64. Templetonia egena 
Figure 65. Ulex europaeus 
A) Side view of the seed in the plane of the cotyledons. 
B) Hilar view of the seed. 
C) View of embryo with one of the cotyledons removed to 
show the embryo axis and remaining cotyledon. 
D) Section through hilum at right angle to plane of cotyledons. 
a, aril; c, cotyledon; de, double epidermis; e, endosperm; 
ep, epicotyl; h, hilum; 1, lens; r, radicle; sc, seed 
coat; sh, subhilum; tb, tracheid bar. 
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Calycotome Link 
Calycotome spinosa Link. Dry seed 3.0 x 2.6 x 1.0 mm, yellow, typical 
Genisteae. Hilum small, at the bottom of the seed. Lens close to hilum. 
Cotyledons and radicle of equal length, 4.0 mm long. Endosperm abundant. 
(Figure 57). 
Crotalaria L. 
Crotalaria intermedia Kotsohy. Dry seed 2.6 x 2.0 x 1.1 mm, yellow, 
reniform. Hilum small, in a depression near the center of the seed. 
Radicle tip overhanging on hilum. Lens not close to hilum. Cotyledons 
3.3 mm; radicle 2.9 mm long. Endosperm abundant. (Figure 58). 
C. juncea L. Dry seed 6.0 x 4.0 x 2.0 mm, brown., reniform. Hilum 
1.0 mm, at the center of the seed. Lens not attached to hilum. Radicle 
tip overhanging on hilum. Cotyledons 7.6 mm; radicle 4.2 mm long; tiny 
epicotyl present. Endosperm abundant. 
C. sagitallis L. Dry seed 2.4 x 2.0 x 1.5 mm, yellow with bromi 
mottles, ovoid. Hilum small, at the center of the seed. Radicle tip over­
hanging on hilum. Lens not attached to hilum. Cotyledons 3.2 mm; radicle 
2.5 mm long. Endosperm abundant—medium. 
C. spectabilis Roth. Dry seed 4.5 x 3.5 x 1.7 mm, orange-brown, 
mitten shaped. Hilum small, in a depression at the center of the seed. 
Cotyledons 6.0 mm; radicle 4.5 mm long. Endosperm abundant; embryo/endo-
sperm ratio 1.6. 
C. usaramoensis Baker. Dry seed 2.2 x 1.7 x 1.3 mm, orange-brown, 
mitten—reniform. Hilum small, in a depression at the center of the seed. 
Cotyledons 3.5 mm; radicle 2.6 mm long. Endosperm abundant; embryo/endo­
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sperm ratio 1.4. 
Cytisus L. 
Cytisus scoparius (L.) Link. Dry seed 4.2 x 3.0 x 2.1 mm, black, 
typical Genisteae. Hilum small, at the bottom of the seed; white aril 
2.8 mm long. Lens close to hilum. Cotyledons 4.6 mm; radicle 5.0 mm long. 
Endosperm abundant; embryo/endosperm ratio 1.2 (Figure 59). 
C. sessilifolius L. Dry seed 4.0 x 3.4 x 1.4 mm, yellow-brown, 
typical Genisteae. Hilum small, at the bottom of the seed; white aril 
1.5 mm long. Cotyledons and radicle of equal length, 5.0.mm long. Endo­
sperm medium. 
Genista L. 
Genista elata Wender. Dry seed 2.5 x 2.0 x 1.2 mm, dark brown, 
typical Genisteae. Hilum small, at the bottom of the seed, not subtended 
by an aril. Lens attached to hilum. Cotyledons 2»5 mm; radicle 3.0 mm 
long. Endosperm medium; embryo/endosperm ratio 2.7 (Figure 60). 
• G. pilosa Ledeb. Dry seed 2.5 x 2.1 x 1.3 mm, yellow, typical 
Genisteae. Hilum small, at the bottom of the seed, not possessing an 
aril. Lens not attached to hilum. Cotyledons 2.9 mm; radicle 3.0 mm 
long. Endosperm medium. 
G. tinctoria L. Dry seed 2.2 x 1.9 x 1.2 mm, yellow-brotm, typical 
Genisteae. Hilum small, at the bottom of the seed, without an aril. Lens 
attached to hilum. Cotyledons 2.8 mm; radicle 2.5 mm long. Endosperm 
medium—thin. 
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Laburnum Medio. 
Laburnum anagyroides Medic. Dry seed 4.7 x 3.8 x 2.4 mm, black, 
ellipsoid. Hilum small, at the center of the seed. Lens not attached to 
hilum. Cotyledons 5.5 mm; radicle 3.0 mm long. Endosperm medium-thin; 
embryo/endosperm ratio 4.5. 
Listia E. Mey 
Listia heterophylla E. Mey. Dry seed 1.0 x 0.7 x 0.5 mm, yellow-red, 
typical Genisteae. Hilum small, at the bottom of the seed. Cotyledons 
1.5 mm; radicle 1.3 mm long. Endosperm abundant ; embryo/endosperm ratio 
1.0 (Figure 61). 
Lupinus L. 
Lupinus affinus Agardh. Dry seed 4.0 x 3.0 x 2.3 mm, yellow with 
brown mottles, typical Genisteae. Hilum small, at the bottom of the seed. 
Lens not close to hilum. Cotyledons 5.2 mm; radicle 4.8 mm; epicotyl 
tiny. Endosperm very thin and stuck to seed coat. 
L. angustifolius L. Dry seed 6.5 x 5.5 x 4.6 mm, cream with brown 
spots in mosaic design, round-ellipsoid. Hilum small, near the bottom of 
the seed. Lens not attached to hilum. Cotyledons 10.0 mm; radicle 5.0 
mm; epicotyl 2.0 mm long. Endosperm very thin; embryo/endosperm ratio 
14.6. 
L. mutabilis Sweet. Dry seed 9.0 x 8.0 x 4.5 mm, white-cream, 
round-ellipsoid. Hilum small, near the bottom of the seed. Lens not 
attached to hilum. Cotyledons 12.0 mm; radicle 10.0 mm long. Endosperm 
•very thin. 
L. nootkatensis Donn. Dry seed 4.0 x 2.8 x 2.0 mm, yellow with 
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broTzm. spots, typical Genisteae. Hilum at the bottom of the seed. Lens 
far from hilum. Cotyledons 5.5 mm; radicle 4.2 mm long. Endosperm absent. 
(Figure 62). 
L. texensis Hook. Dry seed 5.0 x 4.0 x 2.5 mm, white with brown 
spots, typical Genisteae. Hilum small, at the bottom of the seed. Lens 
not attached to hilum. Cotyledons 5.7 mm; radicle 3.4 mm long. Endosperm 
very thin. 
Petteria Presl. 
Petteria ramentacea Presl. Dry seed 4.5 x 3.2 x 1.6 mm, orange-
brown, typical Genisteae. Hilum small, at the bottom of the seed. Lens 
not attached to hilum. Cotyledons 7.0 mm; radicle 6.5 mm long. Endosperm 
medium; embryo/endosperm ratio 3.6. 
Spartium L. 
Spartium junceum L. Dry seed 3.5 x 3.0 x 1=6 mm, brown, typical 
Genisteae. Hilum small, at the bottom of the seed. Lens not attached 
to hilum. Cotyledons 4.5 mm; radicle 5.0 mm long. Endosperm medium. 
(Figure 63). 
Templetonia R. Br. 
Templetonia egena Benth. Dry seed 8.5 x 4.5 x 2.0 mm, orange. Hilum 
small, subtended by a small white aril. Lens not attached to hilum. 
Embryo straight; cotyledons 10.0 mm; radicle 1.0 mm; epicotyl 1.5 mm long. 
Endosperm thin, stuck to seed coat. 
The seed is similar to mimosoid-caesalpinioid seeds in gross anatomy 
and straight embryo. Its lotoid features are the complex hilum and the 
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presence of lens. (Figure 64). 
Ulex L. 
Ulex europaeus L. Dry seed 2.6 x 2.1 x 1.5 mm, brown, typical 
Genisteae. Hilum small, at the bottom of the seed. Lens not attached to 
hilum. Cotyledons 3.0 mm; radicle 3.2 mm. Endosperm medium; embryo/endo­
sperm ratio 2.8 (Figure 65). 
Trifolieae 
Seeds usually small in size (1.5—3.0 mm in length), occasionally 
longer. Radicle more than half the length of the cotyledons, sometimes • 
as long or longer than cotyledons. Epicotyl not visible. Endosperm 
abundant—medium. 
Medieago L. 
Medicago arabica (L.) Huds. Dry seed 2.5 x 1.5 x 0.8 mm, yellow, 
reniform. Hilum small, near the bottom of the seed. Lens close to hilum. 
Cotyledons 3.5 mm; radicle 2.0 mm long. Endosperm medium. 
M. orbicularis L. Dry seed 2.5 x 2.0 x 1.2 mm, yellow-orange, rough, 
somewhat tubercled, typical Genisteae. Hilum small, at the bottom of the 
seed. Lens attached to hilum. Cotyledons 3.2 mm; radicle 3.4 mm long. 
Endosperm abundant. 
M. sativa L. Dry seed 2.5 x 1.5 x 1.1 mm, yellow-green, reniform. 
Hilum small, near the center of the seed. Lens not close to hilum. Coty­
ledons 3.0 ram; radicle 1.6 mm long. Endosperm medium; embryo/endosperm 
ratio 3.4 (Figure 66). 
Trifolieae (Lotoideae) 
Figure 66. Medioago sativa 
Figure 67. Melilotus officinalis 
Figure 68. Melilotus sulcata 
Figure 69. Ononis natrix 
Figure 70. Trifolium pratense 
Figure 71. TrigoneITa corniculata 
A) Side view of the seed in the plane of the cotyledons. 
B) .Hilar view of the seed. 
C) View of embryo with one of the cotyledons removed to 
show the embryo axis and remaining cotyledon. 
D) Section through hilum at right angle to plane of 
cotyledons. 
c, cotyledon; de, double epidermis ; e, endosperm; h, hilum; 
1, lens; r, radicle; sc, seed coat; sh, subhilum; tb, 
tracheid bar. 
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Medioago sp. Dry seed 5.5 x 3.0 x 1.4 mm, yellow, reniform. Hilum 
small, at the center of the seed. Lens not attached to hilum. Cotyledons 
6.5 mm; radicle 2.0 mm long. Endosperm medium. 
Melilotus Juss. 
Melilotus dentata Pers. Dry seed 1.5 x 1.4 x 1.0 mm, yellow-green, 
mitten shape. Hilum small on lower half of the seed. Lens close to hilum. 
Cotyledons 2.5 mm; radicle 2.0 mm long. Endosperm medium; embryo/endosperm 
ratio 3.5. 
M. messanensis All. Dry seed 3.0 x 2.0 x 1.5 mm, yellow-green, el­
lipsoid. Hilum small, on lower half of the seed. Lens close to hilum. 
Radicle incumbent (i.e., radicle lying on the "back of one cotyledon). 
Cotyledons 4.0 mm; radicle 3.0 mm long. Endosperm medium; embryo/endo­
sperm ratio 2.5. 
M. officinalis (L.) Lam. Dry seed 2.0 x 1.5 x 1.0 mm, yellow-green, 
ellipsoid. Hilum small, on lower half of the seed. Lens not attached to 
hilum. Cotyledons 2.5 mm; radicle 2.0 mm long. Endosperm medium; embryo/ 
endosperm ratio 3.6 (Figure 67). 
M. sulcata Desf. Dry seed 2.1 x 1.2 x 1.0 mm, yellow, ellipsoid. 
Hilum small, near the bottom of the seed. Lens attached to hilum. Radicle 
incumbent. Cotyledons 2.8 mm; radicle 2.1 mm long. Endosperm medium. 
(Figure 68). 
Ononis L. 
Ononis adenotricha Boiss. Dry seed 1.2 x 1.0 x 1.0 mm, yellow and 
tubercled, mitten-spherical. Hilum small, near the center of the seed. 
Lens not close to hilum. Cotyledons 3.0 mm; radicle 3.2 mm long. Endo­
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sperm abundant. 
0. natrix L. Dry seed 2.0 x 1.7 x 1.4 mm, orange, mitten shaped. 
Hilum small, near the center of the seed. Lens not close to hilum. Coty­
ledons 2.2 mm; radicle 1.6 mm long. Endosperm thin; embryo/endosperm 
ratio 4.5 (Figure 69). 
Trifolium L. 
Trifolium alexandrinum L. Dry seed 2.2 x 1.6 x 1.4 mm, yellow-
orange, ellipsoid. Hilum small, near the bottom of the seed. Lens close 
to hilum. Cotyledons 3.0 mm; radicle 2.6 mm long. Endosperm medium; 
embryo/endosperm ratio 3.0. 
T. medium Griseb. Dry seed 2.0 x 1.2 x 1.0 mm, yellow-green, el­
lipsoid-mitten shaped. Hilum small, near the center of the seed. Lens 
close to hilum. Cotyledons 2.5 mm; radicle 1.5 mm long. Endosperm medium; 
embryo/endosperm ratio 3.8. 
T. pratense L. Dry seed 1.8 x 1.2 x 1.0 mm, yellow and purple, 
! 
mitteh shaped. Hilum small, near the center of the seed. Lens not at-
tached to hilum* '^ Cotyledons 2.9 mm; radicle 1.7 mm long. Endosperm 
medium. (Figure 70). 
1. spumosum L. Dry seed 1.6 x 1.2 x 1.0 mm, orange, mitten-heart 
shaped. Hilum small, at the bottom of the seed. Lens not attached to 
hilum. Cotyledons 1.7 mm; radicle 2.0 mm long. Endosperm abundant; 
embryo/endosperm ratio 1.2. 
. Trigonella L. 
Trigonelia corniculata L. Dry seed 3.5 x 2.3 x 1.6 mm, yellow, el­
lipsoid. Hilum small, on lower half of the seed. Lens close to hilum. 
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Cotyledons 2„3 mm; radicle 2.0 mm long. Endosperm medium. (Figure 71). 
T_. foenum-graecum L. Dry seed 3.7 x 2.8 x 1.6 mm, orange, ellipsoid. 
Eilum small, on lower half of the seed. Lens attached to hilum. Coty­
ledons 5.5 mm; radicle 5.0 mm long. Endosperm abundant; embryo/endosperm 
ratio 1.9. 
I. monantha C. A. Mey. Dry seed 2.0 x 1.1 x 0.9 mm, yellow and 
tubercled, ellipsoid. Hilum small, near the bottom of the seed. Lens 
close to hilum. Cotyledons 2.8 mm; radicle 2.4 mm long. Endosperm abun­
dant. 
Loteae 
Seeds variable in size (1.2—5.0 mm in length, usually small) and 
color (yellow—brown). Epicotyl not visible. Endosperm abundant, some­
times medium. 
Following the reasonings of Senn (1938) and Dormer (1945), the sub-
tribe Coronillinae was removed from the Hedysareae and placed in the Loteae. 
The seeds of Coronillinae are frequently elongated (the length being at 
leaut twice the width), the radicles are short compared to cotyledons, and 
the lens is close or attached to hilum. The seeds of the classical Loteae 
are relatively short, more or less ovoid, the radicle is half to three 
fourths the length of the cotyledons, and the lens is not close to the 
hilum. 
Anthyllis L. 
Anthyllis tetraphylla L. Dry seed 3.5 x 3.0 x 2.0 mm, brown, tuber­
cled, ellipic—spherical. Hilum small, at the center of the seed. Lens 
Loteae (Lotoideae) 
Figure 72. Anthyllis tetraphylla 
Figure 73. Coronilla varia 
Figure 74. Hippocrepis sp. 
Figure 75. Lotus corniculatus 
Figure 76. Soorpiurus muricata 
A) Side view of the seed in the plane of the cotyledons. 
B) Hilar view of the seed. 
C) View of embryo with one of the cotyledons removed to 
show the embryo axis and remaining cotyledon. 
D) Section through hilum. at right angle to plane of 
cotyledons. 
E) Median section through cotyledons, at right angle to 
"D" above. 
o, cotyledon; de, double epidermis; e, endosperm; h, hilum; 
1, lens; r, radicle; sc, seed coat; sh, subhilum; tb, 
tracheid bar. 
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not close to hilum. Cotyledons 3.5 mm, yellow; radicle 2.8 mm long, 
white. Endosperm abundant ; embryo/endosperm ratio 1.3 (Figure 72). 
A. vulneraria L. Dry seed 2.3 x 1.5 x 1.1 mm, top half green, bottom 
half yellow, ellipsoid. Hilum small, on lower half of the seed. Lens not 
close to hilum. Cotyledons 3.0 ram; radicle 2.0 mm. Endosperm medium. 
Coronilla L. 
Coronilla glauca L. Dry seed 4.5 x 1.2 x 1.0 mm, orange brown, 
ellipsoid. Hilum small, at the center of the seed. Cotyledons 5.5 mm; 
radicle 2.0 mm long. Endosperm medium; embryo/endosperm ratio 2.5. 
C. varia L. Dry seed 5.0 x 1.7 x 0.8 mm, brown, ellipsoid. Hilum 
small, at the center of the seed. Lens close to hilum. Cotyledons 6.2 
mm; radicle 2.8 mm long. Endosperm medium; embryo/endosperm ratio 2.3. 
(Figure 73). 
Doryclmium Till. 
Dorychnium hirsutum (L.) Ser. Dry seed 1.7 x 1.6 x 1.3 mm, broxijn, 
mitten-shaped. Hilum small, near the center of the seed. Cotyledons and 
radicle of equal length, 2.2 mm long. Endosperm medium; embryo/endo sperm 
ratio 2.7. 
D. suffruticosum Griseb. Dry seed 2.0 x 1.5 x 1.3 mm, yellow brown, 
ellipsoid. Hilum small, near the center of the seed. Lens not close to 
the hilum. Cotyledons 2.5 mm; radicle 2.0 mm long. Endosperm abundant. 
Hippocrepis L. 
Hippocrepis sp. Dry seed 4.5 x 0.5 x 0.5 mm, orange, crescent shaped. 
Hilum small, at the center of the seed. Lens attached to hilum. Coty­
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ledons 4.5 mm; radicle 1.3 ram long. Endosperm abundant. •• (Figure 74). 
Lotus L. 
Lotus arabicus Soland. Dry seed 1.5 x 2.2 x 1.1 mm. yellow brown, 
mitten shaped. Hilum small, near the bottom of the seed. Cotyledons 2.2 
mm; radicle 1.7 mm long. Endosperm abundant; embryo/endosperm ratio 1.4. 
L. oorniculatus L. Dry seed 1.5 x 1.2 x 1.0 mm, yellow-brown, mitten-
round. Hilum small, on lower half of the seed. Lens not close to hilum. 
Cotyledons 2.0 mm; radicle 1.5 mm long. Endosperm medium; embryo/endosperm 
ratio 2.6 (Figure 75). 
L. purshianus Clements and Clements. Dry seed 2.4 x 1.5 x 1.2 mm, 
yellow, .reniform-rectangular. Hilum small, on lower half of the seed. 
Lens attached to hilum. Cotyledons 2.6 mm; radicle 1.5 mm long. Endo­
sperm medium—thin. 
L. requieni Mauri. Dry seed 2.5 x 2.0 x 1.5 mm, yellow, ellipsoid. 
Hilum small, near the center of the seed. Lens not close to hilum. Coty­
ledons 3.2 mm; radicle 2.2 mm long. Endosperm abundant. 
L. tenuis Waldst. & Kit. Dry seed 1.2 x 1.0 x 0.8 mm, orange brown, 
mitten-ellipsoid. Hilum small, near the bottom of the seed. Lens not 
close to hilum. Cotyledons 1.6 mm; radicle 1.4 mm. Endosperm medium; 
embryo/endosperm ratio 2.8. 
L. tetragonolobus L. Dry seed 3.6 x 3.0 x 2.6 ram, orange brown, 
ellipsoid. Hilum small, on lower half of the seed. Lens not close to 
hilum. Cotyledons 5.0 mm; radicle 3.7 mm. Endosperm abundant; embryo/ 
endosperm ratio 1.9. 
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Ornithopus L. 
Ornithopus sativus Brot. Dry seed 2.0 x 1.3 x 0.5 mm, yellow-orange, 
reniform. Hilum small, near the center of the seed. Lens close to hilum. 
Cotyledons 2.5 nun; radicle 1.2 mm long. Endosperm medium. 
Scorpiurus L.. 
Scorpiurus muricata L. Dry seed 4.0 x 2.0 x 2.0 ram, orange-red, 
reniform. Hilum small, at the center of the seed. Lens close to hilum. 
Bottom of cotyledons turned upward so that embryo forms an S-shape; coty­
ledons 5.5 mm; radicle 2.5 mm long. Endosperm abundant. (Figure 76). 
S. sulcata L. Dry seed 4.5 x 1.8 x 1.8 mm, yellow-brown, ellipsoid. 
Iiilum small, at the center of the seed. Lens close to hilum. Bottom of 
cotyledons turned upward so that the embryo forms an S-shape; cotyledons 
8.0 mm; radicle 3.0 mm long. Endosperm abundant; embryo/endo sperm ratio 
1.6. 
Hedysareae 
Seeds variable in size (1.5—16.0 mm in length), and color (cream— 
yellow—brown), frequently ellipsoid or lens shaped. Hilum small, often 
near the center of the seed. Lens stuck to hilum or close to it, rarely 
far from hilum. Radicle half to three fourths the length of the coty­
ledons. Epicotyl not visible. Arachis is an exception having short, 
straight embryo with short epicotyl. 
Aeschynomene L. 
Aeschynomene americana L. Dry seed 2.0 x 1.6 x 1.3 mm, reddish-
brown, renifora-ovoid. Hilum small, near the center of the seed. Lens 
Hedysareae (Lotoideae) 
Figure 77. Arachis hypogaea 
Figure 78. Ile dy s arum flexucTsum 
Figure 79. Lespedeza striata 
Figure 80. Onobrychis caput^galli 
Figure 81. Stylosanthes hamata 
A) Side view of the seed in the plane of the cotyledons. 
B) Hilar view of the seed. 
C) View of embryo with one of the cotyledons removed to 
show the embryo axis and remaining cotyledon. 
D) Section through hilum at right angle to plane of cotyledons. 
c, cotyledon; ch, chalaza; e, endosperm; ep, epicotyl; h, 
hilum; 1, lens; r, radicle; sc, seed coat; sh, subhilum; 
tb, tracheid bar; vb, vascular bundle. 
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attached to hilum. Cotyledons 3.0 mm; radicle 2.0 mm long, perpendicular 
to cotyledons. Endosperm medium; embryo/endo sperm ratio 3.6. 
Alysicarpus Efeclc. 
Alysicarpus glumaceus DC. Dry seed 1.5 x 1.2 x 0.8 mm, brown, el­
lipsoid. Hilum small, near the center of the seed. Lens attached to 
hilum. Cotyledons 2.2 mm; radicle 1.5 mm long. Endosperm medium; embryo/ 
endosperm ratio 2.3. 
Alhagi Desv. 
Alhagi camelorum Fisch. Dry seed 2.5 x 2.0 x 1.0 mm, yellow with 
black spots, ellipsoid. Hilum small, near the center of the seed. Lens 
close to hilum. Cotyledons 3.1 mm; radicle 2.0 mm long. Endosperm abun­
dant. 
Arachis L. 
Arachis hypogaea L. Dry seed 16.0 x 10.0 x 8.0 mm, broim, ellipsoid. 
Seed coat very thin and vascular bundles seen clearly in it. Embryo 
straight. Cotyledons 19.0 mm; radicle 3.0 mm; epicotyl 2.2 mm long. Endo­
sperm absent. 
The seed looks similar to mimosoid-caesalpinioid seeds in its straight 
embryo. Its lotoid feature is the complex vascular bundle system (Figure 
77). 
Desmodium Desv. 
Desmodium canadense DC. Dry seed 3.0 x 2.0 x 1.0 mm, yellow, el­
lipsoid. Hilum small, at the center of the seed. Lens attached to the 
hilum. Cotyledons 4.0 mm; radicle 2.0 mm long. Endosperm thin. 
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D. paniculatum DC. Dry seed 3.2 x 2.0 x 1.0 mm, brown, ellipsoid. 
Hilum small, near the center of the seed. Lens attached to hilum. Coty­
ledons 4.5 mm; radicle 2.2 mm long. Endosperm thin. 
D. sedsilifolium T. & G. Dry seed 3.5 x 2.4 x 1.4 mm, yellow, el­
lipsoid. Hilum small, at the center of the seed. Lens attached to hilum. 
Cotyledons 4.0 mm; radicle 2.0 mm long. Endosperm thin. 
D. tortuosum DC. Dry seed 2.4 x 1.6 x 0.6 mm, reddish brown, el­
lipsoid. Hilum small, near the center of the seed. Lens attached to 
hilum. Cotyledons 2.8 mm; radicle 1.5 mm long. Endosperm medium-thin. 
Hedys arum L. 
Hedysarum coronarium Koenig. Dry seed 3.0 x 2.0 x 1.5 mm, cream, 
lens shaped. Hilum small, in a depression, near the center of the seed. 
Lens attached to hilum. Radicle tip overhanging on hilum. Cotyledons 
4.0 mm; radicle 2.5 mm long. • Endosperm thin, stuck to seed coat. 
H. flexuosum L. Dry seed 2.8 x 2.5 x 1.5 mm, yellow, lens shaped. 
Hilum small, at the center of the seed. Lens attached to hilum. Radicle 
tip overhanging on hilum. Cotyledons 3.0 mm; radicle 1.7 mm long. Endo­
sperm thin. (Figure 78). 
H. pallidum Desf. Dry seed 2.8 x 2.3 x 1.0 mm, yellow, lens shaped. 
Hilum small, near the center of the seed. Lens not close to hilum. 
Radicle tip overhanging on hilum. Cotyledons 3.5 mm; radicle 2.5 mm long. 
Endosperm medium. 
Lespedeza Hichx. 
Lespedeza hedysaroides (Pall.) Kitagawa. Dry seed 1.8 x 1.1 x 0.7 
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ram, reddish brotvn, ellipsoid. Hilum small, near the bottom of the seed. 
Lens attached to hilum. Cotyledons 2.0 mm; radicle 1.2 mm long. Endosperm 
abundant; embryo/endosperm ratio 1.8. 
L. stipulacea Maxim. Dry seed 2.1 x.1.5 x 1.0 mm, dark brown-black, 
ellipsoid. Hilum small on lower half of the seed. Lens attached to hilum. 
Cotyledons 2.7 mm; radicle 2.3 mm long. Endosperm thin. 
L. striata H. & A. Dry seed 2.0 x 1.5 x 1.0 ram, yellow with brown 
spots, ellipsoid. Hilum small, surrounded by brown tissue, on lower half 
of the seed. Lens attached to hilum. Cotyledons 2.0 mm; radicle 1.7 mm 
long. Endosperm thin. (Figure 79) 
Onobrychis Gaertn. 
Onobrychis biebersteinii Sirjaev. Dry seed 3.6 x 2.6 x 2.1 mm, 
brown, reniform. Hilum small near the center of the seed. Lens attached 
to hilum. Cotyledons 5.5 mm; radicle 2.5 mm long. Endosperm thin. 
0. caput-gali Schur. Dry seed 4.0 x 3.0 x 2.2 mm, cream with black 
mottles, ellipsoid-lens shaped. Hilum small, at the center of the seed. 
Lens attached to hilum. Cotyledons 5.8 mm; radicle 3.4 mm long. Endo­
sperm thin. (Figure 80). 
0. viciaefolia Scop. Dry seed 4.0 x 2.6 x 1.7 mm, brown, ellipsoid. 
Hilum small, at the center of the seed. Lens attached to hilum. Coty­
ledons 5.5 mm; radicle 3.0 mm long. Endosperm thin. 
Pseudoarthria Wight & Arn. 
Pseudoarthria hookeri Wight & Arn. Dry seed 2.5 x 1.5 x 1.0 mm, 
orange, reniform. Hilum small, near the center of the seed. Lens 
attached to hilum. Cotyledons 3.5 mm; radicle 2.0 mm long. Endosperm 
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medium; embryo/endosperm ratio 3.0. 
Stylosaa.th.es Sw. 
Stylosanthes biflorus (L.) B.S.P. Dry seed 1.9 x 1.4 x 0.6 mm, brown, 
ovoid-tear drop shaped. Seed coat very thin. Hilum small, near the top 
of the seed. Cotyledons 2.0 mm; radicle perpendicular to long axis of 
cotyledons, 1.2 mm long. . Epicotyl tiny. Endosperm very thin. 
Seed enclosed in a hard thick pericarp. 
S. hamata (L.) Taub. Dry seed 2.2 x 1.5 x 1.0 mm, yellow, ovoid-
reniform. Hilum small, near the top of the seed. Lens not close to hilum. 
Embryo almost straight. Cotyledons 2.0 mm; radicle 1.6 mm long. Epicotyl 
tiny. Endosperm absent. (Figure 81). 
Zornia Gmel. 
Zornia bracteata Gmel. Dry seed 2.3 x 1.5 x 0.8 mm, orange with 
brovm spots, ovoid-reniform. Hilum small, near the top of the seed. Lens 
attached to hilum. Cotyledons 2.0 mm; radicle perpendicular to long axis 
of cotyledons, 1.2 mm long. Epicotyl not visible. Endosperm thin» 
Psoraleae 
Following the reasoning of Itydberg (1919-20), the Psoraleae were 
given tribal status in this treatment. The seeds of the Psoraleae have 
radicles variable in length (short, perpendicular to long axis of coty­
ledons — three fourths the length of cotyledons). Position of lens vari­
able (attached to hilum—far from hilum). Endosperm usually abundant— 
medium. 
Psoraleae (Lotoideae) 
Figure 82. 
Figure 83. 
Figure 84. 
Figure 85. 
Figure 86. 
Figure 87. 
imorpha fruticosa 
Dale a eimeandra 
Dalea lanata 
Petalostemon pinnaturn 
Psoralea bituminosa 
Psoralea esculenta 
A) Side view of the seed in the plane of the cotyledons. 
B) Hilar view of the seed. 
C) View of embryo with one of the cotyledons removed to 
show the embryo axis and remaining cotyledon. 
D) Section through hilum at right angle to plane of 
cotyledons. 
c, cotyledon; de, double epidermis; e, endosperm; h, hilum; 
1, lens; m, micropyle; r, radicle; sc, seed coat; sh, 
subhilum; tb, tracheid bar. 
87 
B D 
8 2  
Imm 
83  
I mm 
84  
Imm 
85  
Imm 
9 
de» 
8 h; 
•h  
tb  
c 
- e 
se 
86 
Imm 
87  
Imm 3 
88 
Amorpha L. 
Amorpha fruticosa L. Dry seed 3.8 x 1.6 x 1.1 mm, reddish-brown, el­
lipsoid. Hilum small, near the top of the seed. Lens not attached to 
hilum. Cotyledons 3.0 mm; radicle perpendicular to long axis of cotyledous, 
1.2 mm long. Endosperm medium—thin. (Figure 82). 
A. virgata Small. Dry seed 4.3 x 1.7 x 1.3 mm, orange-broivn, ellips­
oid. Hilum small, near the top of the seed. Cotyledons 5.0 mm; radicle 
1.0 mm long. Endosperm medium—thin. 
Dalea Juss. 
Dalea alopecuroides Willd. Dry seed 2.1 x 1.5 x 1.0 mm, brown, reni-
form-mitten shape. Hilum small, near the center of the seed. Lens not 
close to hilum. Cotyledons 3.5 mm; radicle 2.5 mm long. Endosperm medium; 
embryo/endosperm ratio 2.6. 
D. enneandra Butt. Dry seed 2.0 x 1.5 x 1.0 mm, yellow, reniform-
ellipsoid. Hilum small, near the top of the seed. Lens not close to hilum. 
Cotyledons 3.0 mm; radicle perpendicular to long axis of cotyledons, 2.0 mm 
long. Endosperm medium. (Figure 83). 
D. lanata Spreng. Dry seed 2.2 x 1.8 x 1.1 mm, yellow-brown, reni­
form—mitten shape. Hilum small, near the center of the seed. Cotyledons 
2.4 mm; radicle 2.0 mm long. Endosperm abundant. (Figure 84). 
Fetalostemon Michx. 
Petalostemon pinnatum (Walt.) Blake. Dry seed 1.5 x 1.2 x 1.0 mm, 
cream, mitten shaped. Hilum small, near the center of the seed. Lens not 
attached to hilum. Cotyledons 2.0 mm; radicle 1.1 mm long. Endosperm 
medium. (Figure 85). 
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P. purpureum (Vent. ) Rydb. Dry seed 1.7 x 1.4 x 1.4 mm, reddish broma, 
reniform. Hilum. small, near the top of the seed. Lens not close to hilum. 
Cotyledons 1.9 mm; radicle 1.2 mm long. Endosperm medium; embryo/endo sperm 
ratio 2.1. 
Psoralea L. 
Psoralea bituminosa L. Dry seed 3.5 x 2.5 x 1.4 mm, grey, ovoid. 
Hilum small, near the bottom of the seed. Cotyledons 5.2 mm; radicle 3.0 
mm long. Endosperm thin. (Figure 86). 
P. esoulenta Pursh. Dry seed 5.0 x 3.5 x 1.6 mm, orange-brown, reni­
form. Hilum small, near the bottom of the seed. Lens close to hilum. 
Cotyledons 5.0 mm; radicle 2.6 mm long. Endosperm absent. (Figure 87). 
P. psoralioides (Walt) Cory. Dry seed 3.0 x 2.0 x 1.8 mm, brown, 
ellipsoid-reniform. Hilum small, near the bottom of the seed. Lens at­
tached to hilum. Cotyledons 3.8 mm; radicle 1.6 mm long. Endosperm thin. 
P. tenax Lindl. Dry seed 2.6 x 2.2 x 1.5 mm, brown, ellipsoid. Hilum 
small, near the center of the seed. Cotyledons 3.2 mm; radicle 1.8 mm. long. 
Endosperm thin. 
Galegeae 
Seeds variable in size (1.3—11.0 mm long) and shape (oval, prismatic, 
wedge-shaped, elongated). Hilum small, oval to round, usually near the 
center of the seed, sometimes in a depression. Radicle often half as long 
as cotyledons occasionally longer or shorter. Epicotyl not visible. Endo­
sperm abundant—medium, rarely thin. 
Craie geae (Lotoideae) 
Figure 
Figure 
Figure 
Figure 
Figure 
89. 
90. 
91. 
op.. 
Astragalus gale gif omis 
Brongniartia oxyphylla" 
Caragana arborescens 
Coluteaaxborescens 
Cyaraopsis tetragonolobus 
A) Side view of the seed in the plane of the cotyledons. 
B) Hilar view of the seed. 
C) View of embryo with one of the cotyledons removed to 
show the embryo axis and remaining cotyledon. 
D) Section through hilum at right angles to plane of 
cotyledons• 
E) Median section through cotyledons, at right angle to 
"D" above. 
c, cotyledon; de, double epidermis; e, endosperm; ep, 
epicotyl; h, hilum; 1, lens; m, micropyle; r, radicle; 
so, seed coat; sh, subhilum; tb, tracheid bar. 
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Galegeae (Lotoideae) 
Figure 93. 
Figure 94. 
Figure 95. 
Figure 96. 
Figure 97. 
Galep-a officinalis 
Indigofera tinctoria 
Qyytropis deflexa 
Robinia pseudoacacia 
Tephrosia virginiana 
A) Side view of the seed in the plane of the cotyledons. 
B) Hilar view of the seed. 
C) View of embryo with one of the cotyledons removed to 
show the embryo axis and remaining cotyledon. 
D) Section through hilum at right angle to plane of 
cotyledons. 
E) Median section tlirough cotyledons, at right angle to 
"D" above. 
c, cotyledon; de, double epidermis; e, endosperm; h, 
hilum; 1, lens; r, radicle; so, seed coat; sh, sub-
hilum; tb, tracheid bar. 
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Astragulus L. 
Astragulus cioer L. Dry seed 2,6 i 2.0 x 1.1 mm, yellow, ellipsoid— 
mitten shape. Hilum small, near the center of the seed. Lens not close 
to hilum. Cotyledons 3.0 mm; radicle 1.4 mm. Endosperm medium; embryo/ 
endosperm ratio 2.4. 
A. corrugatus Bertol. Dry seed 2.2 x 1.5 x 0.7 mm, orange-brown with 
black spots, ellipsoid. Hilum small, in a depression, near the center of 
the seed. Cotyledons 3.5 mm; radicle 2.5 mm long. Endosperm abundant; 
embryo/endosperm ratio 1.2. 
A. falcatus Lam. Dry seed 2.7 x 2.0 x 1.0 mm, orange, reniform. 
Hilum small. Lens close to hilum. Cotyledons 3.4 mm; radicle 2.5 mm 
long. Endosperm abundant; embryo/endosperm ratio 1.7. 
A. galegiformis L. Dry seed 3.3 x 2.3 x 1.6 mm, yellow, ovoid. Ililum 
small, on lower half of the seed. Lens close to hilum. Cotyledons 5.0 mm; 
radicle 3.0 mm long. Endosperm abundant. (Figure 88). 
A. globiceps Bunge. Dry seed 4.2 x 2.0 x 1.0 mm, yellow-green, el-
lipsoid-renifora. Hilum small, near the bottom of the seed. Lens at­
tached to hilum. Cotyledons 4.5 mm; radicle 2.8 mm long. Endosperm thin; 
embryo/endosperm ratio 4.4. 
A. glycyphyllus L. Dry seed 3.0 x 1.6 x 1.1 mm, yellow, ellipsoid— 
mitten shaped. Hilum small, near the center of the seed. Lens not close 
to hilum. Cotyledons 3.4 ram; radicle 3.0 mm long. Endosperm abundant. 
A. hamosus Fall. Dry seed 3.0 x 1.7 x 1.0 mm, yellow, ellipsoid. 
Hilum small, near the center of the seed. Radicle tip overhanging on 
hilum. Cotyledons 3.8 mm; radicle 2.5 mm long. Endosperm abundant. 
Brongniartia H.B.K. 
Brongniartia oxyphylla Eemsl. Dry seed 11.0 x 6.0 x 2.5 ram, orange, 
ellipsoid. Hilum small. Lens close to hilum. Embryo straight. Coty­
ledons 13.0 mm; radicle 2.0 mm; epicotyl 2.0 mm long. Endosperm thin. 
The seed looks similar to mimosoid-caesalpinioid seeds in gross 
anatomy and straight embryo. Its lotoid features are: complex hilum and 
the presence of lens (Figure 89). 
Caragana Lam. 
Caragana arborescens Lam. Dry seed 5.0 x 2.8 x 2.8 mm, orange with 
brown spots, ellipsoid. Hilum small, near the center of the seed. Coty­
ledons 6.7 mm; radicle 2.5 mm long. Endosperm thin. (Figure 90). 
C. decorticans Eemsl. Dry seed 5.0 x 3.5 x 3.2 mm, reddish-brown, 
ellipsoid. Hilum small, near the center of the seed. Cotyledons 7.0 mm; 
radicle 3.0 mm long. Endosperm very thin; embryo/endosperm ratio 19.2. 
Colutea L. 
Colutea arborescens L. Dry seed 4.0 x 3.0 x 1.8 mm, brown, ellipsoid 
mitten shaped. Hilum small, near the center of the seed. Lens not close 
to hilum. Cotyledons 4.6 mm; radicle 3.8 mm long. Endosperm medium; 
embryo/endosperm ratio 2.2 (Figure 91). 
Cyamopsis DC. 
Cyamopsis tetragonolobus (L.) Taub. Dry seed 4.0 x 3.4 x 2.8 mm, 
cream, tubercled, ellipsoid-spherical. Hilum small, near the center of 
the seed. Lens attached to hilum. Cotyledons 6.0 mm; radicle 4.0 mm long 
Endosperm abundant; embryo/endosperm ratio 1.2 (Figure 92). 
96 
Galega L. 
G-alega officinalis L. Dry seed 3.6 x 1.8 x 1.4 mm, yellow, reniform. 
Hilum small, near the center of the seed. Lens not close to hilum. Coty­
ledons 5.0 mm; radicle 2.8 mm long. Endosperm medium; embryo/endosperm 
ratio 2.6 (Figure 93). 
Halimodendron Fish ex DC.. 
Halimodendron halodendron DC. Dry seed 3.1 x 2.5 x 1.4"mm, orange 
with black spots, ovoid. Hilum small, near the center of the seed. Lens 
attached to hilum. Cotyledons 3.5 mm; radicle 2.5 mm long. Endosperm 
thin; embryo/endosperm ratio 5.0. 
Indigofera L. 
Indigofera echinata Willd. Dry seed 4.0 x 2.2 x 1.8 mm, orange 
brown. Jiilum small, near the center of the seed. Lens attached to hilum. 
The cross section of the seed 60° sectoroid. Cotyledons 5.0 mm; radicle 
3.0 mm long. Endosperm abundant; embryo/endosperm ratio 1.6. 
I. hirsuta Jacq. Dry seed 1.3 x 1.1 x 1.1 mm, brown, prismatic. 
Hilum small, near the center of the seed. Lens attached to hilum. Cross 
section of the seed square. Cotyledons 2.0 mm; radicle 1.5 mm long and 
perpendicular to long axis of cotyledons. Endosperm abundant; embryo/ 
endosperm ratio 0.8. 
1_. subulata Vahl. Dry seed 2.0 x 1.0 x 1.0 mm, yellow-green, el­
lipsoid. Hilum small, near the center of the seed. Lens attached to 
hilum. Cotyledons 2.5 mm; radicle 1.7 mm long. Endosperm abundant. 
I. tinctoria L. Dry seed 1.8 x 1.8 x 1.5 mm, yellow, cylindrical. 
Hilum small, near the center of the seed. Lens attached to hilum. Coty­
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ledons 3.4 mm; radicle 2.2 mm long and perpendicular to long axis of coty­
ledons. The radicle comes off on the side of one cotyledon and hence this 
cotyledon is shorter than the other. Endosperm abundant. (Figure 94). 
Oxytropis DC. 
Oxytropis deflexa DC. Dry seed 1.3 x 1.1 x 0.7 mm, yellow-green, 
mitten shaped. Hilum small, near the bottom of the seed. Lens attached 
\ to hilum. Cotyledons 1.4 mn; radicle 0.9 mm long. Endosperm medium. 
(Figure 95). 
0. lambertii Pursh. Dry seed 1.5 x 1.2 x 0.9 mm, brovm, ellipsoid-
mitten shaped. Hilum small, near the bottom of the seed. Lens not close 
to hilum. Cotyledons 2.0 mm; radicle 1.7 mm long. Endosperm abundant— 
medium. 
Robinia L. 
Robinia hispida L. Dry seed 4.1 x 3.0 x 2.0 mm, brovm, ovoid. Hilum 
small, near the center of the seed; rim aril present. Lens not close to 
hilum. Cotyledons 5.3 mm; radicle 3.0 mm long. Endosperm thin; embryo/ 
endosperm ratio 6.6. 
R. pseudo-acacia L. Dry seed 4.5 x 3.3 x 1.7 mm, brown, mitten shaped. 
Hilum small, near the center of the seed. Lens not close to hilum. Coty­
ledons 6.2 mm; radicle 3.5 mm long. Endosperm medium. (Figure 96). 
Sesbania Pers. 
Sesbania drummandii (Rydb. ) Cory. Dry seed 5.6 x 5.0 x 4.2 mm, 
yellow, ellipsoid, Hilum small, near the center of the seed. Lens not 
close to hilum. Cotyledons 8.0 mm; radicle 4.8 mm long. Endosperm abun­
dant; embryo/endosperm ratio 0.6. 
S. emerus (Aubl.) Urban. Dry seed 4.2 x 2.0 x 2.0 mm, brown with 
numerous tiny black dots, cylindrical. Hilum small, near the center of 
the seed. Lens not close to hilum. Cotyledons 6.7 mm; radicle 5.4 mm 
long. Endosperm abundant; embryo/endosperm ratio 1.3. 
Sutherlandia R. Br. 
Sutherlandia sp. Dry seed 3.5 x 2.6 x 1.1 mm, cream grey, mitten-
shaped. Hilum. small, near the center of the seed. Lens not close to hilum. 
Cotyledons 5.5 mm; radicle 4.0 mm long. Endosperm medium; embryo/endo­
sperm ratio 2.3. 
Swainsonia Salisb. 
Swainsonia salsula (Pall.) Taub. Dry seed 2.4 x 2.2 x 1.0 mm, brown, 
ovoid-haart shaped. Hilum small. Lens close to hilum. Cotyledons 2.8 
imn; radicle 2.2 mm long. Endosperm, medium. 
Tephrosia Pers. 
Tephrosia virginiana (L.) Pers. Dry seed 3.0 x 2.4 x 1.2 mm, light 
and dark brown mixed, ellipsoid. Hilum small, near the center of the seed. 
Lens attached to hilum. Cotyledons 3.5 mm; radicle 1.5 mm long. Endosperm 
thin. (Figure 97). 
Vicieae 
Seeds variable in size (3.0—21.0 mm in length) and color (white— 
green—brown); shape often spherical. Hilum 1.0 mm or longer. Radicle 
short compared to cotyledons. Epicotyl visible, rarely not visible. In 
Vicieae (Lotoideae) 
Figure 98. Cicer arietinum 
Figure 99. Lathyrus cicera" 
Figure 100. Lens esculenta 
Figure 101. Pis mi sativum 
Figure 102. Vicia fnba 
A) Side view of the seed in the plane of the cotyledons. 
B) Hilar view of the seed. 
C) View of embryo with one of the cotyledons removed to 
show the embryo axis and remaining cotyledon. 
D) Section through hilum at right angle to plane of 
cotyledons. 
Cj cotyledon; ep, epicotyl; h, hilum; 1, lens; m, micropyle; 
• r, radicle; sc, seed coat; sh, subhilum; tb, tracheid bar. 
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cross section, hilum and subhilum small compared to cotyledons. Endosperm 
usually absent, sometimes very thin. 
Cicer L. 
Oicer arietinum L. Dry seed 10.0 x 8.0 x 8.0 mm, white cream, ovoid 
with radicle protruding on top. Hilum 1.5 mm long, near the top of the 
seed. Lens not close to hilum. Cotyledons 13.5 mm; radicle 3.0 mm, epi-
cotyl 2.0 mm long. Endosperm absent. (Figure 98). 
Lathyrus L. 
Lathyrus cicera L. Dry seed 5.8 x 4.5 x 3.8 mm, grey with brovm. spots, 
truncate, cone shaped. Hilum 1.0 mm long. Lens not close to hilum. Coty­
ledons 5.0 mm; radicle 2.5 mm long. Endosperm absent. (Figure 99). 
L. inconspicuus L. Dry seed 3.0 x 2.0 x 2.0 mm, brown, ellipsoid-
rectangular. Hilum 1.0 mm long, near the top of the seed. Lens not close 
to hilum. Cotyledons 3.6 mm; radicle 1.4 mm; epicotyl 1.0 mm long. Endo­
sperm absent. 
L. japonicus Willd. Dry seed 4.5 x 4.0 x 3.5 mm, black, spherical. 
Hilum 5.0 mm long. Cotyledons 5.5 mm, radicle 1.7 mm long. Endosperm very 
thin and stuck to seed coat. 
L. sativus L. Dry seed 9.0 x 8.0 x 5.5 mm, cream, shape variable. 
Hilum 1.6 mm long. Lens attached to hilum. Cotyledons 11.0 ram; radicle 
4.0 mm; epicotyl 3.0 mm long. Endosperm absent. 
Lens L. 
Lens esculenta Koench. Dry seed 7.4 x 7.1 x 1.9 mm, cream-tan, lens 
shaped. Hilum 1.5 mm long. Lens not close to hilum. Cotyledons 8.0 mm; 
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radicle 3.0 mm; epicotyl 2.0 mm long. Endosperm absent. (Figure 100). 
Pisum L. 
Pisum sativum L. Dry seed 6.5 x 6.5 x 5.0 mm, cream—green, spherical. 
Hilum 1.6 mm long. Lens not close to hilum. Cotyledons 9.5 mm; radicle 
4.0 mm; epicotyl 2.0 mm long. Endosperm absent. (Figure 101). 
Vicia L. 
Vicia cracca L. Dry seed 2.5 x 2.2 x 2.3 mm, brovm with black spots, 
ovoid. Hilum 2.0 mm long. Cotyledons 3.5 mm; radicle 1.0 mm; epicotyl 
0.8 mm long. Endosperm absent. 
V. fab a L. Dry seed 21.0 x 13.0 x 5.5 mm, brown, oval. Hilum 7.0 mm 
long, black, at the bottom of the seed. Cotyledons 25.0 mm; radicle 5.0 mm; 
epicotyl 3.0 mm long. Endosperm very thin and stuck to seed coat. 
Unlike other Vicieae, the seeds of V. faba are elongated, the radicle 
is parallel to the long axis of cotyledons, and the epicotyl is perpen­
dicular to the radicle (Figure 102). 
V. macrocarpa Bertol. Dry seed 5.0 x 4.8 x 4.0 mm, brovm. with orange 
spots, spherical. Hilum 2.5 mm long, white. Lens not close to hilum. 
Cotyledons 7.0 mm; radicle 3.0 mm; epicotyl 2.0 mm long. Endosperm very 
thin. 
V. narbonensis L. Dry seed 6.0 x 5.2 x 4.8 mm, brown, spherical. 
Hilum 2.5 mm long, white. Lens not close to hilum. Cotyledons 6.0 mm; 
radicle 2.5 mm; epicotyl 1.2 mm long. Endosperm very thin and stuck to 
seed coat. 
V. villosa Roth. Dry seed 3.7 x 3.2 x 3.2 mm, dark brown, spherical. 
Hilum 2.0 mm long. Cotyledons 4.2 mm; radicle 2.0 mm; epicotyl 1.0 mm 
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long. Endosperm very thin and stuck to seed coat. 
Phaseoleae 
Seeds variable in size (2.7—20.0 ram in length) and color (white— 
red—black), often dark colored; usually ellipsoid—reniform in shape. 
Hilum 1.0 mm or longer, rarely less than 1.0 mm long. Lens attached to 
hilum. Radicle small compared to cotyledons. Epicotyl visible. Endo­
sperm very thin, sometimes absent. 
Abrus L. 
Following the reasoning of Streicher (1902), the genus Abrus was re­
moved from the Vicieae and placed in the Phaseoleae. 
Abrus precatorius L. Dry seed 6.5 x 5.0 x 4.5 mm, red and black, 
ellipsoid. Hilum 1.8 mm long, near the top of the seed. Lens attached to 
hilum. Cotyledons 7.5 mm; radicle 2.0 mm; epicotyl tiny. Endosperm thin 
and fused to sead coat (Figure 103). 
•Amphicarpea Ell. 
Aaphicarpea bracteata (L.) Fern. Dry seed 3.5 x 2.8 x 2.0 mm, reddish 
brovm. with black mottles, ellipsoid-renifora. Hilum 1.0 mm long, at the 
center of the seéd. Lens attached to hilum. Cotyledons 5.0 mm; radicle 
1.5 mm; epicotyl 0.5 mm long. Endosperm very thin and fused to seed coat 
(Figure 104). 
Cajanus DC. 
Cajanus indicus Spreng. Dry seed 6.0 x 4.6 x 3.6 mm, red with yellow 
spots, reniform-ellipsoid. Hilum 2.5 mm long, in the upper half of the 
Phaseoleae (Lotoideae) 
Figure 103. 
Figure 104. 
Figure 105. 
Figure 106. 
Figure 107. 
Abrus preoatorius 
Amphicarpea bracteata 
Canava.lia microcarpa 
01itoria~mariana 
Dioclea reflexa 
A) Side view of the seed in the plane of the cotyledons. 
B) Hilar view of the seed. 
C) View of embryo with one of the cotyledons removed to 
show the embryo axis and remaining cotyledon. 
D) Section through hilum at right angle to plane of 
cotyledons. 
c, cotyledon; de, double epidermis; e, endosperm; ep, 
epicotyl; h, hilum; 1, lens; r, radicle; sc, seed 
coat; sh, subhiluni; tb, tracheid bar. 
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Phaseoleae (Lotoideae) 
Figure 108. Dolichos biflorus 
Figure 109. Galactea elliottTi 
Figure 110. Glycine max 
Figure 111. Phaseolus vulgaris 
Figure 112. Rhynchosia minima 
A) Side view of the seed in the plane of the cotyledons. 
E) Hilar view of the seed. 
C) View of erabryo with one of the cotyledons removed to 
show the embryo axis and remaining cotyledon. 
D) Section through hilum at right angles to plane of 
cotyledons. 
a, aril; c, cotyledon; e, endosperm; ep, epicotyl; h, 
hilum; 1, lens; m, micropyle; r, radicle; so, seed 
coat; sh. subhilum; tb, tracheid bar. 
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Figure 114. 
Phaseoleae (Lotoideae) 
Stizolobic deeringianum 
Vigna sinensis 
Dalborgieae (Lotoideae) 
Figure 115. Lonohooarpus spiciosus 
Figure 116. Pisoidia connmunis 
A) Side view of the seed in the plane of the cotyledons. 
B) Hilar view of the seed. 
C) View of embryo with one of the cotyledons removed to 
show the embryo axis and remaining cotyledon. 
D) Section through hilum at right angles to plane of 
cotyledons. 
c, cotyledon; de, double epidermis; e, endosperm; ep, 
epicotyl; h, hilum; 1, lens ; m, micropyle; r, radicle; 
ra, rim aril; so, seed coat; sh, subhilum; tb, tracheid 
bar. 
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seed. Lens attached te hilum. Cotyledons 7.0 mm; radicle 2.0 mm; epi­
cotyl 2.0 mm long. Endosperm very thin and fused to seed coat. 
Calopogonium Desv. 
Calopogonium mucunioides Desv. Dry seed 3.5 x 3.0 x 2.0 mm, brovm, 
rectangular-reniform. Hilum 1.0 mm long, at the center of the seed. Lens 
attached to hilum. Cotyledons 4.0 mm, radicle 2.0 mm, epicotyl 1.0 mm 
long. Endosperm medium. 
Canavalia DC. 
Canavalia ensiformis (L.) DC. Dry seed 19.0 x 13.0 x 9.0 mm, white, 
ellipsoid. Hilum 9.0 mm long, at the center of the seed. Cotyledons 25.0 
mm; radicle 7.0 mm; epicotyl 4.5 mm long. Endosperm absent. 
C. macrocarpa (DC) Lien. Dry seed 19.0 x 11.0 x 8.0 mm, dark brown, 
ellipsoid. Hilum 11.0 mm long. Lens attached to hilum. Cotyledons 22.0 
mm; radicle 4.5 mm; epicotyl 2.5 mm long. Endosperm absent. (Figure 105). 
Centrosema (DC.) Benth. 
Centresema virginianum (L.) Benth. Dry seed 3.2 x 2.2 x 2.0 mm, 
orange-brown, rectangular. Hilum 1.5 mm long. Lens close to hilum. Coty­
ledons 5.5 mm; radicle 1.8 mm; epicotyl 1.0 mm long. Endosperm very thin; 
embryo/endosperm ratio 18.0. 
Clitoria L. 
Clitoria mariana L. Dry seed 4.8 x 3.8 x 3.5 ram, brown with black 
spots, ellipsoid-spherical. Hilum 1.0 mm long, at the center of the seed. 
Lens attached to hilum. Cotyledons 5.3 mm; radicle 1.5 mm; epicotyl 1.2 
mm long. Endosperm absent. (Figure 106). 
Ill 
Dioclea H.B.K. 
Dioclea reflexa Hook. Dry seed 20.0 x 20.0 x 12.0 mm, black, lens 
shaped. Hilum extending about three fourths of the circumference of the 
seed. Cotyledons 25.0 mm; radicle 1.5 mm; epicotyl 1.5 mm long. Endosperm 
absent. (Figure 107). 
Dolichos L. 
Dolichos biflorus L. Dry seed 6.7 x 4.5 x 2.0 mm, yellow brown, reni-
form. Hilum. 1.5 mm long, at the center of the seed; small aril present. 
Lens attached to hilum. Cotyledons 8.5 mm; radicle 4.0 mm; epicotyl 3.0 mm 
long. Endosperm very thin. (Figure 108). 
D. lablab L. Dry seed 10.2 x 7.4 x 5.0 mm, black or grey, ellipsoid. 
Hilum 10.0 mm long, extending about three fourths of the length of hilar 
view and half of bottom of the seed. Cotyledons 19.0 mm; radicle 6.0 mm; 
epicotyl 4.5 mm long. Endosperm very thin; embryo/endosperm ratio 48.0. 
Erythrina L. 
Erythrina herbacea L. Dry seed 11.0 x 6.5 x 6.0 mm, red, ellipsoid. 
Hilum 4.5 mm long, at the center of the seed. Lens attached to hilum. 
Cotyledons 13.5 mm; radicle 2.2 mm; epicotyl 1.5 mm long. Endosperm very 
thin and fused to seed coat. 
G-alactia P. Br. 
Galactia elliottii Mutt. Dry seed 6.0 x 4.8 x 3.0 mm, orange and dark 
brovm mixed, ellipsoid. Hilum 1.5 mm long, at the center of the seed. 
Lens attached to hilum. Cotyledons 7.0 mm; radicle 1.3 mm; epicotyl 0.8 
mm long. Endosperm absent. (Figure 109). 
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G. regular is (L.) B.S.P. Dry seed 3.0 x 2.4 x 1.2 ram, brown with 
yellow spots, ellipsoid. Hilum 1.0 mm long, in upper half of the seed. 
Lens attached to hilum. Cotyledons 3.2 aim,1 radicle 1.0 mm; epicotyl 0.7 
mm long. Endosperm very thin. 
Glycine L. 
Glycine max (L,) Merr. Dry seed 8.0 x 6.5 x 5.5 mm, various colors, 
reniform. Hilum 3.0 mm long, at the center of the seed. Lens attached to 
hilum. Cotyledons 12.0 mm; radicle 5.6 mm; epicotyl 1.3 mm long. Endo­
sperm very thin. (Figure 110). 
Kennedia Vent. 
Kennedia prostrata R. Br. Dry seed 3.2 x 1.5 x 1.0 mm, dark brown, 
reniform. Hilum 1.0 mm long; white aril 2.0 mm long. Endosperm thin. 
The seeds were removed from a dried herbarium specimen. They were 
shriveled; hence, analysis is incomplete. 
Phaseolus L. 
Phaseolus calacaratus Roxb. Dry seed 6.0 x 3.0 x 2.7 mm, cream-
yellow, reniform. Hilum 3.0 mm long in the lower half of the seed. White 
aril present. Lens very prominent, attached to hilum. Cotyledons 8.0 mm; 
radicle 2.0 mm; epicotyl 3.0 mm long. Endosperm very thin. 
P. lunatus L. Dry seed 12.8 x 9.5 x 4.2 mm, white, ellipsoid-lens 
shaped. Hilum 2.5 mm, at the center of the seed. Lens attached to hilum. 
Cotyledons 17.0 mm; radicle 7.0 mm; epicotyl 5.0 mm long. Endosperm very 
thin. 
P. radicatus Benth. Dry seed 4.0 x 3.4 x 3.1 mm, yellow-green, el­
lipsoid. Hilum 1.5 mm, at the lower half of the seed. Lens attached to 
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hilum. Cotyledons 5.0 mm; radicle 2.5 mm; epicotyl 3.2 mm long. Endosperm -
very thin. 
P. vulgaris L. Dry seed 10.8 x 6.0 x 5.0 mm, various colors, reniform. 
Hilum 3.0 mm long; thin aril present. Lens attached to hilum. Cotyledons 
11.5 mm, radicle 4.0 nun, epicotyl 2.5 mm long. Endosperm very thin. 
(Figure 111). 
Pueraria DC. 
Fueraria lob at a (Tfilld.) Ohvri. Dry seed 3.5 x 2.5 x 2.0 mm, dark red 
with brown spots, ellipsoid. Hilum 0.6 mm long, near the center of the 
seed. Lens attached to hilum. Cotyledons 5.3 mm; radicle 2.5 mm; epicotyl 
tiny. Endosperm thin, free from seed coat. Embryo/endosperm ratio 6.0. 
Rhynchosia Lour. 
Rhynchosia minima DC. Dry seed 2.9 x 1.8 x 1.5 mm, brown, reniform. 
Hilum 0.6 mm long, at the center of the seed; thin aril present. Lens 
attached to hilum. Cotyledons 3.3 mm; radicle 1.4 mm; epicotyl 1.5 mm 
long. Endosperm very thin. (Figure 112). 
R. phaseoloides DC. Dry seed 6.0 x 5.0 x 3.8 mm, black and red, el­
lipsoid. Hilum 2.5 mm long, at the center of the seed. Lens attached to 
hilum. Cotyledons 7.3 mm; radicle 1.5 mm; epicotyl 1.0 mm long. Endosperm 
absent. 
R. texana I. & G. Dry seed 3.2 x 2.6 x 1.1 mm, orange red with black 
spots, reniform. Hilum 0.6 mm, at the center of the seed. Lens attached 
to hilum. Cotyledons 4.0 mm; radicle 1.6 mm; epicotyl 1.6 mm long. Endo­
sperm very thin. 
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Stizolobic Browne 
Stizolobic deeringianum Bort. Dry seed 13.0 x 8.7 x 7.0 mm, black, 
rectangular-reniform. Iïilc 6.5 mm long, on lower half of the seed; white 
aril 7.0 mm long. Lens attached to hilc. Cotyledons 17.5 mm, radicle 
2.0 mm, epicotyl 1,5 mm long. Endosperm thin. (Figure 113). 
Stizolobic sp. Dry seed 11.0 x 10.0 x 8.5 mm, cream with brovm spots, 
rectangular-ellipsoid. Hilc 5.0 ram long, on lower half of the seed; 
cream aril present. Lens attached to hilc. Cotyledons 15.0 mm; radicle 
2.5 mm; epicotyl 1.5 mm long. Endosperm very thin; embryo/endosperm ratio 
57. 
Strophostyles Ell. 
Strophostyles helvola (L.) Ell. Dry seed 5.0 x 3.6 x 3.0 mm, dark 
brown, rectangular-ellipsoid. Hilum 3.0 ram long at the center of the seed. 
Lens attached to hilc. Cotyledons 7.0 mm; radicle 2.5 mm; epicotyl. 1.8 
mm long. Endosperm very thin and fused to seed coat. 
Yigna Savi 
Yigna cylindrica Skeels. Dry seed 6.5 x 4.6 x 4.0 mm, brown, rectan­
gular-ellipsoid. Hilc 2.2 mm long,- at the bottom half of the seed. Lens 
attached to hilc.- Cotyledons 9.1 mm; radicle 4.5 mm; epicotyl 2.5 mm long. 
Endosperm very thin. 
V. sinensis (L,) Endl. Dry seed 9.0 x 6.0 x 5«0 mm, white and black, 
reniform. Hilc 2.5 mm long, at the center of the seed. Hilc and sur­
rounding area black. Small aril present. Lens attached to hilc. Coty­
ledons 14.0 mm; radicle 5.5 mm; epicotyl 4.0 mm long. Endosperm absent. 
(Figure 114). 
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Wistaria ffutt. 
Wistaria frutescens Foir. Dry seed 11.0 x 7.0 x 7.0 mm, black, ellips­
oid. Hilum 4.0 mm long, at the center of the seed. Lens attached to hilum. 
Cotyledons 12.5 mm; radicle 2.5 mm; epicotyl 1.5 mm long. Endosperm absent. 
Wistaria sp. Dry seed 12.5 x 7.5 x 7.5 mm, black with red spots, el­
lipsoid. Hilum 4.0 mm long, near the center of the seed. Lens attached 
to hilum. Cotyledons 14.0 mm; radicle 3.0 mm; epicotyl 3.0 mm long. Endo­
sperm thin and fused to seed coat. 
Dalbergieae 
Seeds medium, in size (5.7—4.5 mm in length), variable in color 
(yellow—brown); reniform to ovoid. Hilum small—large. Lens attached to 
hilum. Radicle about half as long as cotyledons. Epicotyl not visible. 
Endosperm medium—thin. 
Lonchocarpus 11.B .IC. 
Lonchocarpus spiciosus Bolus. Dry seed 4.5 x 3.5 x 2.0 mm, yellow, 
ovoid. Hilum small, on the upper half of the seed. Lens attached to hilum. 
Cotyledons 5.5 mm; radicle 2.2 mm long. Endosperm medium. (Figure 115). 
Fiscidia L. 
Piscidia communis (Blake) Harms. Dry seed 3.7 x 3.0 x 1.7 mm, brown, 
reniform. Hilum 1.0 mm, near the center of the seed; riiti aril present. 
Lens attached to hilum. Cotyledons 4.7 mm; radicle 2.0 mm long. Endosperm 
thin. (Figure 116). 
The seeds were removed from a dried herbarium specimen and were 
shriveled; hence, analysis is incomplete. 
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DESCRIPTIVE TREATMENTS II: MHvIOSOIDEAE 
Seeds variable in size (3.0—50.0 mm in length, usually medium— 
large), and color (brown—black, rarely red). Seed shape symmetrical 
(ovoid—ellipsoid). Face line present (rarely absent). Hilum small, 
round or shortly oblong; only a single palisade layer present. Aril 
usually not present. Lens absent. Embryo straight, the radicle thick and 
short. Epicotyl variable in size.(not visible to as large as radicle). 
Endosperm variable (abundant—absent). 
Acacia Willd. 
Acacia albida Delile. Dry seed 9.4 x 6.0 x 3.0 mm, brown, ovoid. 
Face line visible. Hilum small at the tip of the radicle. Cotyledons 
12.0 mm; radicle 3.5 mm long. Epicotyl not visible. Endosperm very thin. 
A. bailey ana F. Muell. Dry seed 6.5 x 3.0 x 2.0 ram, black, ovoid. 
Face line visible. Hilum small, near the tip of radicle subtended by a 
small aril. Cotyledons 6.5 mm; radicle 1.6 mm; epicotyl 0.5 mm long. Endo­
sperm absent. 
A. cyanophylla Lindl. Dry seed 5.0 x 3.0 x 1.6 ram, brown, ovoid. 
Face line visible. Hilum small at the tip of the radicle subtended by a 
small aril. Cotyledons 5.0 mm; radicle 1.2 mm; epicotyl 1.0 mm long. Endo­
sperm absent. (Figure 117). 
A. farnesiana Willd. Dry seed 7.0 x 5.0 x 3.2 mm, brown, ellipsoid-
ovoid. Face line present. Seed coat thick. Hilum near the tip of the 
radicle. Cotyledons 8.5 mm; radicle 3.2 mm; epicotyl 0.6 mm long. Endo­
sperm thin. 
Mimosoideae 
Figure 117. Acacia cyanophylla 
Figure 118. Acacia melanoxylon 
Figure 119. Adenanthera pavonina 
Figure 120. Calliandra grandiflora 
Figure 121. Oalliandra portoricensis 
A) Side view of the seed in the plane of the cotyledons. 
E) "View of the embryo with one of the cotyledons removed to 
show the embryo axis and remaining cotyledon. 
C) Median longitudinal section of the seed at right angle 
to plane of cotyledons. 
a, aril; c, cotyledon; e, endosperm; ep, epicotyl; f, 
funiculus;' fl, face line; r, radicle; sc, seed coat. 
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Mimosoideae 
Figure 122. Albizzia julibrissin 
Figure 123. Desmanthus virgatus 
Figure 124. Diohrostachys nyssana 
Figure 125. Bntada scandens 
A) Side view of the seed in the plane of the cotyledons. 
3) View of the embryo with one of the cotyledons removed to 
show the embryo axis and remaining cotyledon. 
C) Median longitudinal section of the seed at right angle 
to plane of cotyledons. 
c, cotyledon; e, endosperm; ep, epicotyl; fl, face line; 
m, micropyle; r, radicle; sc, seed coat. 
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Mimosoideae 
Figure 126. 
Figure 127. 
Figure 123. 
Figure 129. 
Figure 130. 
Bnterolobium sp. 
Mimosa oalcioola 
Pithecolobium Eëyense 
Prosopis odorata 
Schrankia uncinata 
A) Side view of the seed in the plane of the cotyledons. 
B) View of the enbryo with one of the cotyledons removed to 
show the embryo axis and remaining cotyledon. 
C) Median longitudinal section of the seed at right angle 
to plane of cotyledons. 
c, cotyledon; e, endosperm; ep, epicotyl; fl, face line; 
h, hilum; r, radicle; sc, seed coat. 
126 
5 mm 
127 
Imm 
128 
V—4 
Imm 
129 
imm 
130 
' Imm 
125 
A. melanoxylon R. Br. Dry seed 4.0 x 2.4 x 1.0 am, black, ovoid. 
Face line present, Hilum small, subtended by a long funicular remnant 
trailing on edge of seed. Cotyledons 5.0 mm; radicle 1.2 mm; epicotyl 1.0 
mm long. Leaves seen clearly. Endosperm absent. (Figure 118). 
Adenanthera L.• 
Adenanthera pavonina L. Dry seed 9.1 x 8.2 x 6.0 mm, red, ovoid-lens 
shaped. Face line present. Hilum small, at the tip of the radicle. Coty­
ledons 12.2 mm; radicle 3.6 mm; epicotyl 0.5 mm long. Endosperm medium; 
embryo/endosperm ratio 2.5 (Figure 119). 
Albizzia Durazz. 
Albizzia julibrissin Boiv. Dry seed 8.0 x 4.0 x 1.5 mm, brown, el­
lipsoid. Face line present. Hilum near the tip of the radicle. Coty-
.ledons 12.0 mm; radicle 3.0 mm; epicotyl 2.0 mm long. Endosperm thin. 
(Figure 122). 
Calliandra Benth. 
Calliandra grandiflora (L'Her.) Benth. Dry seed 8.0 x 5.2 x 3.0 mm, 
light brown vdth dark spots. Face line present. Hilum small at the tip 
of the radicle. Cotyledons 9.0 mm; radicle 2.5 mm; epicotyl 1.5 mm long. 
Endosperm absent. (Figure 120). 
C. portoricensis Benth. Dry seed 4.8 x 3.8 x 2.0 mm, reddish brown, 
ovoid. Face line present. Hilum small, near the tip of the radicle. 
Cotyledons 5.7 mm; radicle 2.8 ram; epicotyl 2.2 mm long. Leaves seen 
clearly. Endosperm absent. (Figure 121). 
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Desmanthus De st. 
Desmarithus virgatus Yfilld. Dry seed 3.0 x 2.0 x 1.0 ram, reddish 
brown, ovoid-tear drop shaped. Face line present. Hilum small, at the 
tip of the radicle. Cotyledons 3.5 mm; radicle 1.5 mm long. Epicotyl not 
visible. Endosperm abundant. (Figure 123). 
Dichrostachys DC. 
Dichrostachys nyssana Taub. Dry seed 4.8 x 3.6 x 2.3 mm, brown, ovoid. 
Face line present. Hilum small, near the tip of the radicle. Cotyledons 
6.5 mm; radicle 2.5 mm long. Epicotyl not visible. Endosperm abundant; 
embryo/endosperm ratio 1.9 (Figure 124). 
Entada Ad ans. 
Entada scandens Benth. Dry seed 50.0 x 44.0 x 17.0 mm, black, reni-
form-lens shaped. Face line absent. Seed cover very thick. Hilum 10.0 
mm long, at the tip of the radicle. Cotyledons 45.0 mm; radicle 4.0 mm; 
epicotyl 1.0 mm long. Endosperm absent. (Figure 125). 
Enterolobium Mart. 
Enterolobium sp. Dry seed 13.0 x 10.0 x 9.5 mm, reddish brown, ovoid. 
Face line present. Seed coat thick. Hilum small, at the tip of the rad­
icle. Cotyledons 21.0 mm; radicle 4.2 mm; epicotyl 3.2 mm long. Endo­
sperm absent. (Figure 126). 
Leucaena Benth. 
Leucaena glauca Benth. Dry seed 8.5 x 5.5 x 1.2 mm, reddish-brown, 
ovoid. Face line present. Hilum small, near the tip of the seed. Coty­
ledons 10.5 mm; radicle 3.0 mm; epicotyl 0.5 mm long. Endosperm abundant. 
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Mimosa L. 
Mimosa asperata L. Dry seed 5.5 x 2.2 x 1.5 mm, brovm, ovoid. Face 
line present. Hilum small, near the tip of the radicle. Cotyledons 6.0 
mm; radicle 1.5 mm; epicotyl 1.0 mm long. Endosperm abundant. 
M. calcicola Rob. Dry seed 3.0 x 2.5 x 1.2 ram, black, ovoid-lens 
shaped. Face line present. Cotyledons 3.5 mm; radicle 1.8 mm long. Epi­
cotyl tiny. Endosperm medium-abundant. (Figure 127). 
M. coerulea Rose Dry seed 4.2 x 3.0 x 1.2 mm, brown, ovoid. Face 
line present. Hilum small, near the tip of the radicle. Cotyledons 4.0 
mm; radicle 1.4 mm; epicotyl 0.4 mm long. Endosperm abundant. 
M. fragrans Gray. Dry seed 5.3 x 5.0 x 2.2 mm, reddish brovm, ovoid-
lens shaped. Face line present. Hilum near the tip of the radicle. Coty­
ledons 6.5 mm; radicle 2.5 mm; epicotyl 0.6 mm long. Endosperm medium. 
Pitheco1obium Mart. 
Pithecolobium duloe Benth. Dry seed 8.0 x 6.5 x 2.7 mm, black, ovoid. 
Face line present. Hilum 1.0 mm long, near the tip of the radicle. Coty­
ledons 9.0 mm; radicle 1.6 mm; epicotyl 2.0 mm long. Endosperm absent. 
P. keyense Britt. Dry seed 7.0 x 6.5 x 2.5 mm, black, ovoid-lens 
shaped. Face line in a complete rough circle. Hilum 1.0 mm long, near 
the tip of the radicle. Cotyledons 9.5 mm; radicle 1.0 mm; epicotyl 0.6 
mm long. Endosperm absent. (Figure 128). 
P. lanceolatum Benth. Dry seed 9.0 x 7.0 x 2.2 mm, black, ovoid. 
Face line present. Hilum 1.0 ram long, near the tip of the radicle, sub­
tended by a white aril. Cotyledons 11.0 mm; radicle 2.5 mm; epicotyl 1.5 
mm long. Endosperm absent. 
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Prosopis L. 
Prosopis odorata Torr. & Frem. Dry seed 2.5 x 1.8 x 0.9 mm, brown, 
ovoid. Face line present. Hilum small, near the tip of the radicle. Coty­
ledons 4.5 mm; radicle 1.4 mm long. Epicotyl not visible. Endosperm abun­
dant. (Figure 129). 
Schrankia Willd. 
Schraokia uncinata Willd. Dry seed 3.0 x 2.3 x 1.7 mm, brown, ovoid. 
Face line present. Hilum small, near the tip of the radicle. Cotyledons 
3.4 mm; radicle 1.2 mm; epicotyl 0.3 mm long. Endosperm medium. (Figure 
130). 
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DESCRIPTIVE TREATMENTS HI: CAESALPINIOIDEAE 
Seeds variable in size (4.0—22.0 mm in length, usually medium.— 
large), and color (brawn—black). Seed shape symmetrical (ovoid—ellipsoid, 
rarely rhomboid or reniform). Face line absent. Hilum. small, round or 
shortly oblong and only a single palisade present. Lens absent. Embryo 
straight, the radicle thick and short. Epicotyl variable in size (not 
visible to as large as radicle). Endosperm variable (abundant—absent). 
Bauhinia L. 
Bauhinia variegata L. Dry seed 8.2 x 5.0 x 3.5 mm, brown, ovoid. 
Hilum small, at the tip of the radicle. Cotyledons 10.0 mm; radicle 3.0 
mm long. Epicotyl not visible. Endosperm abundant; embryo/endosperm ratio 
0.5 (Figure 131). 
Bauhinia sp. Dry seed 14.0 x 11.0 x 2.5 mm, brown, ovoid. Hilum 
small, near the tip of the radicle. Cotyledons 14.0 mm; radicle 3.0 mm 
long. Epicotyl not visible. Endosperm thin; embryo/endosperm ratio 16.1. 
Caesalpinia L. 
Caesalpinia platyloba Watson. Dry seed 8.5 x 3.0 x 3.0 mm, reddish-
brown, ovoid-lens shaped. Hilum small near the tip of the radicle. Coty­
ledons 9.2 mm; radicle 2.2 mm long. Epicotyl not visible. Endosperm abun­
dant. (Figure 132). 
Cassia L. 
Cassia alata L. Dry seed 6.0 x 5.0 x 2.3 mm, brown, triangular-tear 
drop shaped. Hilum small, near the tip of the radicle. Cross section of 
the seed either flat or triangular. Cotyledons either flat or the edges 
Caesalpinioideae 
Figure 131. Bauhinia variegata 
Figure 132. Caesalpinia platyloba 
Figure 133. Cassia tora 
Figure 134. Ceratonia siliqua 
Figure 135. Cercis canadensis 
A) Side view of the seed in the plane of the cotyledons. 
B) View of the embryo with one of the cotyledons removed to 
show the embryo axis and remaining cotyledon. 
C) Median longitudinal section of the seed at right angle 
to plane of cotyledons. 
c, cotyledon; e, endosperm; h, hilum; r, radicle; sc, seed 
coat. 
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Figure 136. 
Figure 137. 
Figure 138. 
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Figure 140. 
Chamaechrista nictitans 
Iloffmanseggia jamesii 
Parkinsonia aculeata 
Peltophorum sp. 
Poinciana sp. 
A) Side view of the seed in the plane of the cotyledons. 
B) Tiew of the embryo with one of the cotyledons removed to 
show the embryo axis and remaining cotyledon. 
C) Median longitudinal section of the seed at right angle 
to plane of cotyledons. 
e, endosperm; ep, epicotyl; f, funiculus; r, radicle; so, 
seed coat. 
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folded in opposite directions forming an "S" in cross section. Cotyledons 
G.5 mm; radicle 2.5 mm long. Epicotyl not visible» 
G. auriculata L. Dry seed 6.2 x 4.0 x 1.8 mm, brown, ovoid. Hilum 
small, near the tip of the radicle. Cotyledons undulating, 9.0 mm; radicle 
3.0 mm long. Epicotyl not visible. Endosperm abundant. 
C. javanica L. Dry seed 7.0 x 5.0 x 3.2 mm, orange-brov/n, ovoid. 
uil'jja small, near the tip of the radicle. Cotyledons 6.5 mm; radicle 2.0 
mm long. Epicotyl not visible. Endosperm abundant. 
C. tora L. Dry seed 4.0 x 3.0 x 3.0 mm, orange, rhomboid. Hilum 
snail, near the tip of the radicle. Cotyledons irregularly folded or 
looped, at least 6.0 mm; radiclo 2.0 mm long, Epicotyl not visible. Endo­
sperm abundant. (Figure 133). 
Ceratonia L. 
Ceratoni'a silicua L. Dry seed 9.5 x 7.0 x 4.0 mm, black, ovoid. 
Hilum small, near the tip of the radicle. Cotyledons 9.0 mm; radicle 2.2 
mm long. Epicotyl not visible. Endosperm abundant; embryo/endosperm ratio 
0.3 (Figure 134). 
Cercis L. 
Cercis canadensis L. Dry seed 5.0 x 4.0 x 2.0 ma, brown, ovoid. 
Hilum small, at the tip of the radiclo. Cotyledons 5.0 mm; radicle 1.1 mm 
long. Epicoir,'! not visible. Endosperm abundant. (Figure 135). 
Chamaecrista iloench. 
Chamaocrista fasciculata (llichx. ) Greene. Dry seed 4.0 x 2.5 1.7 
mm, black, rectangular-rhomboid. Hilum small at the tip of the radicle. 
Cotyledons 5.0 mm; radicle 1.0 mm long. Epicotyl not visible. Endosperm 
medium; embryo/endosperm ratio 2.2. 
G. nicitans Hoench. Dry seed 4.5 x 3.5 x 1.2 ran, black, rhomboid. 
Ililum small, near the tip of the radicle. Cotyledons 5.0 mm; radicle 1.6 
mm; epicotyl 0.3 mm long. Endosperm medium. (Figure 136). 
Gleditsia L. 
Gleditsia triaoanthos L. Dry seed 9.2 x 6.0 x 5.0 nan, brovm., ovoid. 
Hilum small, near the tip of the radicle. Cotyledons 17.0 mm; radicle 3.5 
mm; epicotyl 2.5 mm long. Endosperm abundant; embryo/endosperm ratio 0.9. 
Gymnocladus Lam. 
Gymnocladus dioica (L.) K. Koch. Dry seed 17.5 x 16.5 x 11.0 mm, 
dark brovm, ovoid. Milium small, near the tip of the radicle. Cotyledons 
19.0 inn; radicle 4.5 mm long. Epicotyl not visible. Endosperm medium; 
embryo/ondosperm ratio 2.6. 
Iioffmanseggia Cav. 
Hoffman s eggia jamesii T. & G» Dry seed 5.0 x 4.5 x 0.5 mm, brown, 
ovoid. Hilum small, near the tip of the radicle. Cotyledons 5.0 mm; 
radicle 2.4 mm. Epicotyl not visible. Endosperm abundant. (Figure 137). 
Parkinsonia L. 
Parkinsonia aculeflta L. Dry seed 9.0 x 4.5 x 4.0 mm, orange with 
brovm streaks, ellipsoid. Hilum small, near the tip of the radicle. Coty­
ledons 9.5 mm; radicle 2.2 mm long. Epicotyl not visible. Endosperm abun­
dant; embryo/endosperm ratio 0.9 (Figure 138). 
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Peltophorua Yog. 
Peltophorum sp. Dry seed 20.0 G.5 -1-.5 nm, brovm with yellow 
spots, cylindrical. Hilum small, at the tip of the radicle subtended by 
an aril. Cotyledons 22.0 run; radicle 5.0 rani; epicotyl 3.0 mm long;. Endo­
sperm abundant; embryo/endosperm ratio 0.23 (Figure 139). 
Poinciana L. 
Poinciana pulcherrima L. Dry seed 9.2 7.0 x 3.1 inn, brovm, ovoid. 
Hilum small, near the tip of the radicle. Cotyledons 10.0 mm; radicle 3.5 
mm; epicotyl 3.5 nun long. Leaves dearly visible. Endosperm abundant. 
Poinciana sp. Dry seed 9.5 x 7.5 x 3.0 rem, reddish brovm, ovoid-
triangular. riilum small, near the tip of the radicle. Cotyledons 11.0 
ran; radicle 3.0 nan; epicotyl 2.5 mm long. Leaves clearly visible. Endo­
sperm abundant. (Figure ' 140). 
Svrartzia Sclireb. 
Swartzia sp. Dry seed 17.0 x G.0 x 8.5 mm, black, reniforni. Hilum 
0.5 r.mi long, at the center of the seed. A "white, flat, large aril covers 
most of hilar view and half of each side of the seed. Embryo curved. 
Cotyledons 18.0 mm; radicle 1.5 mm long. Epicotyl not visible. Endosperm 
absent. (Figure 141). 
The seed looks similar to lotoid seeds in shape and curved embryo. 
Its caesalpinioid feature is the simple hilum (with single epidermis and 
without tracheid bar). 
Swartzia sp. Dry seed 17.0 x 12.0 x 11.0 mm, brovm, ovoid. Hilum 
large 6.0 mm long, at the tip of the radicle subtended by a white aril. 
Cotyledons 20.0 ram; radicle 1.0 mm long. Epicotyl not.visible. Endosperm 
Swartzia (Caesalpinioideae) 
Figure 141. 
Figure 142. 
Figure 143. 
Swartzia sp. 
Swartzia sp. 
Swartzia sn. 
A) Side view of the seed in the plane of the cotyledons. 
3) Hilar view of the seed. 
C) View of embryo with one of the cotyledons removed to 
show the embryo axis ar.d remaining cotyledon. 
D) Section through hilum at right angles to plane of 
cotyledons. • 
a, aril; br, bony ridge; c, cotyledon; 
radicle; sc, seed coat. 
co, collar; r, 
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absent. (Figure 142). 
The "bon;/ ridge" of Corner (1951) is visible simulating a tracheid 
bar in the sub'nilum. Only a single epidermis is present in the hilum. 
Swartzia sp. Dry seed 22.0 10.0 x 10.0 brovm, conical. Hilum 
large G.O mm long, at the tip of the radicle. Cotyledons 22.0 mm; radicle 
1.2 mm long. Epicotyl not visible. Endosperm absent. (Fig-ore 143). 
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DISCUSSION 
Isely (1955), after studying a relatively small number of seed kinds 
of the Leguminosae, observed that, according to the seed characters, the 
family can be divided into tvro units: the Lotoideac, and the Linosoideae-
Caesalpinioideae. The results of the present study confirm his viewpoint. 
Linos o idoae-Caesalpini oido ae 
The seeds of the Limosoideae-Caesalpinioideae are characterized by: 
1) a simple hilum with a single epidermis, absence of tracheid bar, and 
absence of lens; 2) straight embryo. 
The Mimosoideae-Caesalpinioideae can be categorized into tvro kinds 
on the basis of the face line. The mimosoid seeds examined (with one 
exception) had a visible face line. This structure was absent from the 
caesalpir.ioid seeds. 
It was observed that water apparently entered the mimesoid seeds 
through the face line. If the seeds were left in water for some time, 
the area inside the face line would separate from the rest of the seed 
coat. 
The seed of Entada scandons was the largest seed studied (50.0 x 
44.0 x 17.0 mm) in this investigation. Entada was the only mimosoid seed 
which did not have a face line. Since the seeds of Entada scandens float 
on water for long distances, it is possible that the absence of the face 
line with a thick seed cover is a mechanism to delay water absorption. 
Corner (1951) considers Entada as an overgrown seed. 
There has been little agreement as to the position of the Swartzieae. 
De Candolle (1825) considered the Swartzieae as a subfamily of the Legur.i-
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no s ae, Bentham and Hooker (1865) placed it in the Lotoideae, and Taubert 
(1894) shifted the Swartzieae to the Caesalpinioideae. Corner (1951, p. 
141) who studied the seed of Swartzia pinnata, considers it "to be mainly 
ninosoid-caesalpinioid but having the incipient features of the bean hilum." 
He felt that the Swartzioideae were intermediate between the Caesalpin­
ioideae ar.d the Sophoreao in their floral structure. 
Three species of Swartzia were studied in this investigation. All 
three were intermediate between the Caesalpinioideae and the Lotoideae 
in seed characters although each had different combinations of characters 
of the two subfamilies. Thus the seed characters seem to verify the 
intermediate position and possibly primitive character of this group. It 
is possible that the taxa ancestral to Caesalpinioideae and Lotoideae had 
man;" features in common with the Swartzia. 
Lotoideae 
The seeds of the Lotoideae (with few exceptions) are characterized by: 
l) a complex hilar area with double epidermis, and subhiluni with tracheid 
bar; 2) curved enbryo. The complex hilar area seems to be an almost -uni­
versal characteristic of the Lotoideae. It was observed in every seed 
studied except Arachis in which the seed coat and hilar area apparently 
secondarily reduced. 
Corner mentions a number of genera of the Lotoideae the seeds of which 
have straight embryos. The majority of these occur in the Sophoreae (12 
genera), and the Dalbergieae (7 genera). 
In this investigation seeds of the following genera were observed to 
possess straight embryos : Arachis (hedysareae), ^Jrongniartia (C-alegeae), 
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Sophora (Sophoreae) and Templetonia (Genisteae). 
Vicieae-Fhaseoleae 
The Vicieae and Phaseoleae form a distinct unit on the basis of seed 
characters, having : l) elongated hilum, short radicle, visible epicotyl, 
and little or no endosperm. 
The Vicieae can be distinguished from the Phaseoleae by the round— 
spherical shape of the seed, the usual absence of endosperm, and by the 
fact that the lens is not attached to the hilum. Seeds of the Phaseoleae 
are rarely spherical or round in shape ; they usually have a thin endo­
sperm, and the lens is attached to the hilum. 
The seeds of Vicia faba are unusual in that they are elongated with 
the short radicle being parallel to the long axis of the cotyledons, 
.while the epicotyl is perpendicular to the radicle. 
The taxonomic position of Abrus has been uncertain; usually the genus 
is placed in the Vicieae. According to the seed characters, Abrus should 
definitely be associated with the Phaseoleae. The seeds have a thin endo­
sperm, the lens is attached to the hilum, and the shape is ellipsoid. 
The seeds of two genera of the Phaseoleae wore found to have exceed­
ingly long hilums. Dolichos lab lab has a hilum exter.diru about a third 
around the seed. Dioclea reflexa has a hilum extending about three-
fourths of the circumference of the seed. Corner (1951) reported a long 
hilum in Hueuna bennettii, similar to the Dioclea described above. 
Genisteae 
The seeds of Genisteae differ from the rest of the Lotoideae by their 
typical shape i.e., the section through the hilum (Figures 56-55, column D) 
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is usually longer than median section through the short axis of the coty­
ledons (Figures 56-65, coluirn 3); the hilum is at the bottom of the seed, 
and the lens when visible is very frequently not attached to the hilum. 
This type of a seed was observed only in one other species, Ledieago 
orbicularis (Trifolieae), of the Lotoideae. 
The seeds of Lupir.us differ from the rest of the Genisteae in having 
shorter radicles. 
Templetonia euena has seeds which are basically different from those 
of the rest of the tribe. Tlioy are similar to those of those of the Iliac-
soideae-Caesalpinioideae in gross anatomy and straight enbryo but have a 
lotoid hilum. 
Sophoreae 
The Sophoreae is considered a primitive lotoid and/or a connecting 
link between the Caesalpinioideae sad the Lotoideae by sone investigators. 
According to L-ooquet and Bersier (1950) the anatropous ovule (resulting 
in a symmetrical seed with a straight embryo is the primitive form from 
which the canpylotropous and anphitropous ovales (reniform or spherical 
seeds with curved embryos) are derived. 
Corner (1951) mentions 12 genera of the Sophoreae in which seeds with 
straight embryo occur. Hence the seed characters verify the presumed tax­
onomic position of the Sophoreae. 
Podalyrieae-Loteae-Trifolieae-Led^rsareae-Psoraleae-C alegsae-Dalbergieae 
The seeds of Podalyrieae, Loteae, Trifolieae, hedysareae, Psoraleae, 
Galegeae, aad Dalber0ieae are similar (having thin—abundant endosperm, 
no visible epicotyl) and the tribes cannot be separated from one another by 
their seed characters. There arc minor differences between aad within tribe 
but the variability within tribes is as great as between them. 
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GLOSSARY 
Acacian type. "Spiral phyllotaxy, the absence of any anastomoses in the 
vascular system of the stem, the inclusion of a single stem bundle 
only between the median, trace and the lateral." Domor (1945, p. 143). 
A;ip'p.itropous ovule. (see ovule) 
Ar.atropous ovule. (sec ovale) . 
Ana-cunphitropous ovule, (see ovula) 
intiraphe. The portion of the raphe vzhich extends beyond the chalaza. 
(see also raphe) 
Basal body. In the amphitropous ovule, beneath the ventral surface. a 
mass of parenchymatous tissue is present which extends, like a finger, 
into the arch of the r.ucellus. 
Bony ridge. Subhilar tissue containing recurrent vascular bundles but no 
tracheid bar, characteristic of sone Swartzia spp. 
Campylotropous ovule. (see ovule) 
Closed vascular system. A vascular system with regular anastomoses which 
unite the whole primary xylem of the stem into a continuous network, 
instead of separate branching bundle systems. Dormer (1945, p. 145). 
Complex hilar area, (see hilun, complex) 
Double epidermis. Two superimposed layers of ilalpighian cells on the hilumj 
characteristic of the Lotoideae. 
3pidorme obturateur. (sec single palisade) 
Face line. Hoop-like or heart shaped line characteristic of most mimosoid 
seeds. It is a fine groove in the testa on each side of the seed 
following the carve of the raphe-antiraphe, and usually open at the 
hilar end. 
I''ente hilaire. (see hilar groove) 
C-onisteae, typical seed type. A seed in which the median-section through 
hilum, at right angles to cotyledons, is normally longer than the 
median section through short axis of cotyledons. 
Ghiandola basillare. (see hilar groove) 
1'Ienitropous ovule, (see ovale) 
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Hemi-amphitropous ovule. (see ovule) 
Zeml-campy1otropous ovule, (see ovule) 
Hilar groove. A very fine line, usually visible to the naked eye which 
divides the hilum into two equal parts. 
Hilum, complex. Hilum with a double epidermis, hilar groove, and subhilum 
with tracheid bar. 
Hilum, simple. Hilum -with a single epidermis and no hilar groove. 
Hour-glass cells. (see osteosclerids) 
Incumbent radicle. Radicle lying on the back of one cotyledon. 
Lamina chilariale. (see tracheid bar) 
Lens. All reinforcements of normal tissue of the seed, situated between 
the hilum and chalaza, on the trajectory of the principal vascular 
bundles. Externally it is a lens shaped raised structure near the 
hilum. 
Lichtlinie. (see light line) 
Light line. This is an optical effect which gives the false impression 
that the Halpighian colls consist of two layers. 
Linea lucida. (sos light line) 
Ligne lumiere. (see light line) 
Lotoid seed type. Seeds with complex hilar area, lens, and curved embryo. 
Hacrosclerids. (see Lialpighian cells) 
Lialpighian cells. Prismatic, thick walled, contiguous colls, more or less 
hexagonal in cross section, derived from the outer epidermis of the 
outer integument. 
Median groove, (see hilar groove) 
Mesophy11. (see nutrient layer) 
Ilimosoid-caesalpinioid seed type. Seeds symmetrical in shape, with simple 
hilum, no lens, and straight embryo. 
Ifahrschicht. (see nutrient layer) 
Uutricnt layer. The layer just inside of the osteosclerids. It develops 
from the middle cell layer or layers of the outer integument. 
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Open vascular system. Presence of spiral phyllotaxy, the absence of any 
anastomoses in the vascular system of the stem and separate branching 
bundle systems. Dormer (1945, p. 143). 
Orthotropous ovule. (see ovule) 
Ortho-amphitropous ovule. (s ee ovule) 
Ortho-campylotropous ovule. (see ovule) 
Osteosclerids. Columnar cells, slightly waisted and with expanded stellate 
ends, forming a layer immediately within the Lialpighian cells. 
Ovules• (see Figures 1 and 2, p. 5) 
inphitropous. An ovule, generally having a spherical or pyramidal 
appearance, in which a hog-back deformation of the mice11us 
(with a basal body) is added to campylotropy. 
Anatropous. An inverted ovule in which the funiculus is curved 150-
180u below the hypocotyl. 
Ana-amphitropous. An ovule with a completely curved funiculus, curved 
micropylar region, and a hog-back nucellus. 
Ana-campylotropous. An ovule with a completely curved funiculus and 
a curved micropylar region. 
Campylotropous. An ovule having a reniform appearance and in which 
the top of the nucellus (micropylar region) is curved. 
liemitropous. An ovule in which the funiculus is partially curved. 
Hemi-amphitropous. An ovule with partially curved funiculus, curved 
micropyle, and a hog-baclc nucellus. 
liemi-campylotropous. An ovule with a partially curved funiculus and 
a curved micropylar region. 
Orthotropous. An ovule in which the axis of the nucellus is an 
extension of that of the funiculus. 
Ortho-amphitropous. An ovule with a straight funiculus, curved 
micropylar region, and a hog-back nucellus. 
Ortho-campylotropous. An ovule with a straight funiculus and a 
curved micropylar region. 
Palisade, (see Lialpighian cells) 
Palisade counter-palisade, (see double epidermis) 
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Plsurogram. (see face line) 
Protuberance, (see lens) 
Raphe. A median band in the testa containing the principal vascular 
bundles that extend towards the chalaza. (see also antiraphe) 
Recurrent vascular bundles. Two branches of the main vascular bundle 
which are present in the subhilura. 
Rim-aril. The distal tip of the funiculus "which expands into a bordered 
disc. 
Seed, too of. In the Lotoideae, the end of the seed at which the coty-
ledons™and hypocotyl join. 
Single palisade. A single layer of Lialpighian cells present in the 
mimosoid-caesalpinioid hilum. 
Strophiole. (see lens) 
Terzo strata di ce11ale Llalpighiane• (see rim-aril) 
Tracheid bar. A rod of short tracheitis extending the length of the hilum 
from raphe to micropyle; found in the subhilum of the Lotoideae. 
Tracheid-insel. (see tracheid bar) 
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Species 
ALrus precatoris 
Acacia albida 
A. baileyana 
A. cyanophylla 
A. fame si ana 
A. melanoxylon 
Adenanthera pavonina 
Aeschynomene americana 
Albizia julibrissin 
Alhagi caaeloruai 
Alysicarpus glumaceus 
Aiaorpha fruticosa 
A. virgata 
Anphicarpea bracteata 
Anthyllis tetraphylla 
A. vulneraria 
Arachis hypogaea 
Argyrolobium linnaeanum 
Astragulus cicer 
A. corrugatus 
A. falcatus 
A. gale gif omis 
A. globicens 
A. glycyphyllus 
A. hamosus 
Bauliinia variegata 
Bauhinia sp. 
Baphia obovata 
Baptisia leucantha 
B. tinctoria 
Brongniartia o:cyphylla 
Caesalpinia platyloba 
Cajenus indicus 
Calliandra grandiflora 
C. portoricensis 
Calopogonium mucunioides 
Calycotome spinosa 
Canavalia ensifonais 
C. macrocarpa 
Caragana arboresceiis 
C. decorticans 
Cassia alata 
C. auriculata 
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Source 
Quane Isely, ISU 
Charles R. G-unn, ISU 
Seed Lab., ISU 
ti H H 
Duane Isely, ISU 
Seed Lab., ISU 
Duane Isely, ISU 
Charles R. G-unn, ISU 
ii H » » 
Seed Lab., ISU 
Charles R. G-unn, ISU 
Seed Lab., ISU 
Charles R. C-unn, ISU 
Duane Isely, ISU 
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Plant Introd. Station 
Seed Lab., ISU 
A.k.T.A. Hungary 
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H it » 
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Seed Lab., ISU 
h h ii 
ISC Herbarium 
Quane Isely, ISU 
Charles R. G-unn, ISU 
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Species Page Source 
—— 
G. javanica 132 Duane Isely, ISU 
C. tora 129, 132 Charles R. Gunn, ISU 
Centre sema virginianuni 110 Duane Isely, ISU 
Ceratonia siliqua 129, 132 Seed Lab., ISU 
Gercis canadensis 129, 132 it tt ii 
Chaîne crista f asciculata 132 Charles R. Gunn, ISU 
C. nictitans 131, 133 Seed Lab., ISU 
Gicer arietinun 100, 101 ii it it 
Gladrastis lutoa .. 5G, 53 it it it 
Glitoria mariana 105, 110 ii it it 
Golutsa arborescens 91, 95 Duane Isely, ISU 
Corcnilla glauca 77 Plant Introd. Station 
G. varia 75, 77 it it it 
Crotalaria intermedia 62, 65 Seed Lab., ISU 
C. .juncsa 65 » ii it 
C. sagittalis 65 it it it 
G. spectabilis 65 Duane Isely, ISU 
C. usaramoensis 65 Plant Introd. Station 
Cyamopsis tetragonolobus 91, 95 it ii it 
Gytisus scoparius 52, 66 Duane Isely, ISU 
G. sessilifolius G6 Seed Lab., ISU 
Dalea alopecuroidcc 38 Plant Irtrod. Station 
D. enneandra CO
 
-
<3 68 it it it 
D. lanata 87, 58 Seed Lab., ISU 
D os:ranth us vi r gat us 120, 124 PI,ant Introd. Station 
Desmodira canaclense 82 Seed Lab., ISU 
D. paniculate; 55 Charles R. G-unn, ISU 
D. sessilif oliuir: 33 Seed Lab., ISU 
D. tortuosur.1 83 Charles R. Gunn, ISU 
Diehrostachy s r.ys s ana 120, 124 Charles R. Gv»n, ISU 
Dioclea reflexa 105, 111 Bonnie Jenkins, ISU 
Dolichos biflor-s 107, 111 Plant Introd. Station 
D. lablab 111 Plant Introd. Station 
Dorycniura hirsutum 77 Charles R. Gunn, ISU 
D. 3 uffr ut iocs va:; 77 it ti it it 
3ntada scandons 120, 124 Bonnie Jenkins, ISU 
liâterolobiu:.; sp. 1(0 rj, 124 Duane Isely, ISU 
Erythrina herb ace a ill it it it 
Galactia ellicttii 107. 111 ISC Herbarium 
G. regularis 112 Duane Isely, ISU 
C-alsga officinalis 05, 96 Plant Introd. Station 
Genista elata 62, CG A.II.T.A. liungary 
C-. pilosa G6 Seed Lab., ISU 
G. tinctoria 66 it it it 
Gleditsia triacanthos 133 Charles P.. Gunn, ISU 
Glycine max 107, 112 Seed Lab., ISU 
Gyimiocladus dioica 133 it it it 
îîalimodendron halidendron 96 it tt ti 
liedysarum coronarium 83 Plant Introd, Station 
Species Source 
Ii. flezuosuzn Cl, 03 
II. pallidum 83 
Hippocrepis sp. 76, 77 
Hoffmansog^ia jainesii 151, 153 
Indigofera echinata 96 
I. hirsuta 96 --
I. subulata 96 
I. tinctoria 93, 96 
Eernedya prostrata 112 
Laburnum snagyroidcs 67 
Lathyrus cicera 100, 101 
L. inconspicuus 101 
L. japonicus 101 
L. sativus 101 
Lens esculenta 100, 101 
Lsspedesa hedysaroidos S3 
L. stipu.lacea 04 
L. striata 81, 34 
Leucaena glauca 124 
Listia heterophylla 64, 67 
Lonchocarpus spiciosus 109, 115 
Lotus arabicus 73 
L. corniculatus 70, 73 
L. purshianus 78 
L. requieni 73 
L. tenuis 73 
L. tetragonolobus 70 
Lupinus affinus 67 
L. angustifolius 67 
L. iravbabilis 67 
L. r.ootkater.sis 64, 67 
L. texansis 08 
Lie die ago arabica 59 
LI. orbicularis 59 
M. sativa 59, 71 
Lledicago sp. 72 
Lleli lotus dentata 72 
EI. nessenensis 72 
M. officinalis 71, 72 
LI. sulcata 71, 72 
Limosa asperata 125 
LI. calcicola 122, 125 
LI. coerulea 125 
M. fragrans 125 
Onobrychis biebersteiiiii 34 
0. caput-galli 81, 84 
0. viciaefolia 84 
Ononis adenotricha 72 
0. natrix 71, 73 
Plant Introd. Station 
» ii » 
Seed Lab., ISU 
ISC Herbarium 
Plant Introd. Station 
ii ii ii 
» it it 
Seed Lab., ISU 
ISO Herbarium 
Â.LI.Ï.A. Hungary 
Seed Lab., ISU 
ii it it 
it it it 
Plant Introd. Station 
Seed Lab., ISU 
Charles IL. Gunn, ISU 
SeeO Lab., ISU 
Plant Introd. Station 
Charles R. Gunn, ISU 
Plant Introd. Station 
Charles R. G-unn, ISU 
Plant Introd. Station 
!t tt tt 
11 it tt 
ii tt it 
tt tt » 
It tt it 
Seed Lab,, ISU 
Char las P.. G-unn, 
Seed ijcJb *, 13 U 
it ii tt 
tr it tt 
Plant Introd. Station 
it » it 
Seed Lab., ISU 
it tt it 
plant Introd. Station 
ii it ii 
Seed Lab., ISU 
Plant Introd. Station 
ISC Herbarium 
it ti 
it it 
ii it 
A.LI.T.A. Hungary 
Plant Introd. Station 
it ii it 
ti it it 
ii it it 
159 
Species 
Ornithopus sativus 
Ozytropis deflexa 
0. lambertii 
Parkin, so ni a aculeata 
Peltophorxun. sp. 
Petalostemon pinnatum 
P. purpureum 
Petteria ramentacea 
Phaseolus calcaratus 
P. lunatus 
P. radicatus 
P. vulgaris 
Piscidia communis 
Pi s m sativur. 
PithecolcbiiEi dulcc 
P. key en se 
P. lanceolatum 125 
Poinciana pulcherrima 154 
Poinciana sp. 131, 134 
Prosopis odorata 122, 126 
Pseudoarthria hookeri 84 
Fsoralea bituminosa 37; 38 
P. esculenta 87, CO
 
CO
 
P. psoralioides 88 
P. tenax 88 
Pueraria lobata 115 
Rhj-nchosia minima 107, 113 
R. phasedoides 113 
R. texana 113 
Robinia hispida 97 
R. pseudo-acacia 93, 97 
Schranlcia uncinata 122, 126 
Scorpiurus muricata 76, 79 
S. sulcata 79 
Sesbania driumaandii 37 
S. emerus 98 
Sophora japonica 5o, 59 
3. secundifolia 58, 59 
Spartiun June even 64, 68 
Stizolobiun deeringianun 109, 114 
Stizolobium sp. 114 
Strophostyles helvola 114 
Stylosanthes biflorus 55 
S. hamata 81, 85 
Sutherlandia sp. 98 
Swainsonia salsula 98 
Swartzia s pp. 134, 136, 137 
Templetonia egena 64, 68 
Tephrosia virginiana 93, 98 
Page 
79 
93, 97 
97 
151, 153 
131, 134 
CO O 1 , uo 
8G 
S3 
112 
112 
112 
107, 113 
109, 115 
100, 102 
125 
122, 125 
Source 
Charles R. Gunn, ISU 
Seed Lab., ISU 
Charles R. Gunn, ISU 
Duane Isely, ISU 
lu. Chilton, VietlTam 
ISC Herbarium 
Seed Lab., ISU 
A.L'.T. A. Hungary 
Seed Lab., ISU 
11 11 » 
it it it 
» it it 
Duane Isely, ISU 
Seed Lab., ISU 
ISC Herbarium 
it it 
Duano Isely, ISU 
ISC Herbarium 
Charles R. Gunn, ISU 
ISC Herbarium 
Charles R. Gunn, ISU 
Plant Introd. Station 
Duane Isely, ISU 
Charles R. Gunn, ISU 
Plant Introd. Station 
Charles R. Gunn, ISU 
ISC Herbarium 
it tt 
it it 
Charles R. Gunn, ISU 
Seed Lab., ISU 
Seed Lab., ISU 
Plant Introd. Station 
it tt it 
Charles Ii. Gunn, ISU 
Duane Isely, ISU 
Seed Lab., ISU 
ISC Herbarium 
Charles R. Gunn, ISU 
ISU Herbarium 
Seed Lab., ISU 
Charles R. Gunn, ISU 
ISC Herbarium 
tt it 
Charles R. Gunn, ISU 
tt tt it tt 
Duane Isely, ISU 
Charles R. Gunn, ISU 
Seed Lab., ISU 
160 
Species Page 
Th.enr.op si s caroliniana 53, 60 
T. montana ' 50 
Trifolium alexandrinum 73 
T. medium 75 
T. pratense 71, 73 
S. spumosnm 73 
Trigonella corniculata 71, 75 
T• f o enum-graecum 7 4 
T. nonantha 74 
Ulex europaeus 54, SO 
Vicia cracca 102 
V. fata 100, 102 
V. aacrocarpa 102 
V. narbonensis 102 
V. villosa 102 
Vigna cylindrica 114 
V. sinensis 109, 114 
Wistaria frutescens 115 
Wistaria sp. 115 
Zornia bracteata 35 
Source 
Seed Lab., ISU 
ISO Herbarium 
Fiant Introd. Station 
ii it it 
Seed Lab., ISU 
Fiant Introd. Station 
ti II » 
ii ii ii 
ii n ii 
Charles R. Gunn, ISU 
Seed Lab., ISU 
ii ii it 
Plant Introd. Station 
it ii ii 
Seed Lab., ISU 
Plant Introd. Station 
Seed Lab., ISU 
» it ii 
ISC 1'erbariuci 
» it 
